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DEPARTMENT OF THE ARMY
ST. LOUIS DISTrRICT. CORPS Of ENGINEERS

210 NORTH 12TH STREET

ST. LOUIS, MISSOURI 63101

LMSED-P

SUBJECT: St. Joe State Park Dam Phase I Inspection Report

This report presents the results of field inspection and evaluation of
St. Joe State Park Dam (MO 30277):

It was prepared under the National Program of Inspection of Non-Federal
Dams.

This dam has been classified as unsafe, non-emergency by the St. Louis
District as a result of the application of the following criteria:

a. The original dam of St. Joe State Park Dam, which has no spill-
way, will retain less than one-half the Probable Maximum Flood without
the original dam being overtopped.

b. Overtopping could result in failure of the original dam.

c. Dam failure significantly increased the hazard to life and pro-
perty downstream.

For Phase I reports, the extent of the downstream damage zone has been
determined assuming that all the materials contained by the St. Joe State
Park Dam are in a liquid state.

SUBMITTED BY: J 3 L 18
Chief, Engineering Division Date

SJb l 2 4 JUL 1980
APPROVED BY:

Colonel, CE, District Engineer Date
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam St. Joe State Park Dam
State Missouri
County St. Francois
Stream Shaw Branch (also kn-c-wn as Davis Creek)
Date of Inspection 25 and 26 August 1979

The St. Joe State Park Dam, I.D. No. 30277, was inspected by two
civil engineers from International Engineering Company, Inc., of San
Francisco, California. The dam is owned by the State of Missouri.
The purpose of the inspection was to assess the general condition of
the dam with respect to safety. The assessment was based upon an eval-
uation of the available data, visual inspection, and an evaluation of
the hydrology and hydraulics of the site to determine if the dam poses
hazards to human life or property. The purpose of the dam is to impound
lead tailings and water.

The St. Joe State Park Dam was inspected using the "Recommended
Guidelines for Safety Inspection of Dams" furnished by the Department of
the Army, Office of the Chief of Engineers. Based on these Guidelines,
this dam is classified as large. The St. Louis District Corps of Engi-
neers has classified this dam as having a high downstream hazard poten-
tial to indicate that failure of this dam could threaten life and pro-
perty. The estimated damage zone provided by the St. Louis District
Corps of Engineers extends approximately twenty miles downstream of the
dam. The town of Flat River, two highways, and many dwellings and build-
ings are within this damage zone.

The St. Joe State Park Dam is comprised of a main cross-valley dam
adjoining an original valley-side dam which has an embankment across the
back of the original dam pond. The watershed above the main dam is desig-
nated as subarea 1. The watershed above the embankment across the back
of the original dam pond is designated as subarea 2, and the incremental
area between this embankment and the original dam is designated as sub-
area 3. The results of the inspection and evaluation of the main dam
indicate that the combined capacity of the outlet structure and spillways
does not meet the criteria given in the Guidelines for a dam with the
size and hazard potential of the St. Joe State Park main dam. As a large
dam with a high hazard potential, the Guidelines specify that the dis-
charge capacity and/or storage capacity should be capable of safely hand-
ling the Probable Maximum Flood (PMF) without overtopping the crest. The
PMF is the flood that may be expected from the most severe combination
of critical meteorologic and hydrologic conditions that are reasonably
possible in the region.
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It was calculated that the outlet structure at the main dam can

pass a 100-year flood (a flood having a one percent chance of being
equalled or exceeded in any one year) without the reservoir reaching
either spillway crest. it was also estimated that the outlet struc-
ture and spillways can pass about 83 percent of the PMF without over-
topping the dam and without significant erosion of spillway A or the
embankment. Erosion of the spillway B channel will not endanger the
embankment.

The results of the inspection and evaluation of the original dam
indicate an absence of facilities for discharging flood water from subarea
3, inadequate freeboard, and that the dam does not meet the criteria
given in the Guidelines for a structure with the size and hazard poten-
tial of the St. Joe State Park original dam. As a large dam with a high
hazard potential, the Guidelines specify that the discharge capacity and/
or storage capacity should be capable of safely handling the PMF without
overtopping the crest. It was calculated that the original dam can
retain the 100-year flood without overtopping the crest. It was also
estimated that the dam can retain about 43 percent of the PMF without
overtopping the crest; however, the dam can not retain 50 percent of
the PMF without overtopping the embankment.

There are deficiencies that affect the stability of both the main
and original dams, and that should be corrected. The capacity of spill-
way A should be increased and/or adequate freeboard provided at the
main dam so that the PMF can be passed without overtopping the dam
crest and without significant erosion of spillway A or the embankment.
Additional freeboard should be provided along the east side of the
spillway A channel upstream of the dam to keep it separated from the
impoundment during periods of large flood runoff. Large rock should
be placed at the entrance to the spillway A channel for erosion protec-
tion, and the dense brush and trees growing in front of the channel
entrance should be cleared. Additional freeboard should also be provided
along the ridge of the left abutment hillside between spillway B and the
main dam crest to prevent overtopping of the ridge into the adjacent.
drainage west of the dam. An evaluation should be made of the effects
of flood runoff which would pass through spillway B to determine whether,
this low point in the terrain of the left abutment hillside should he
allowed to function as a spillway or should be filled in to prevent flood
runoff from entering the adjacent drainage.

Adequate overflow facilities and/or freeboard should be provided
at the original dam so that the impoundment (subarea 3) can handle the
PMF without overtopping the dam crest and without significant erosion
of the embankment. Erosion protection adequate to prevent siltation and
undermining of the outlet of the culvert passing beneath the embankment
at original dam Station 58+80 should be provided. An evaluation should
be made of the effects of flood runoff which would pass through a low
point in the natural terrain in subarea 2, designated as spillway C.
The evaluation should determine whether this low point upstream of the
railroad embankment across the back of the original dam pond should be
allowed to function as a spillway or should be filled in to prevent flood
runoff from entering the neighboring drainage north of the dam. Dependent



upon this investigation, the capacity of spillway C should be increased
and/or freeboard should be increased along the railroad embankment to
prevent overtopping of the embankment which might cause a sudden release
of water into the original dam pond and overtopping of the original dam.
An alternative would be to remove a portion of the railroad embankment to
eliminate the storage effect of the embankment above the original dam. A
re-evaluation of the hydraulic and hydrologic analyses of subareas 2 and
3 should be dooe in conjunction with an evaluation of the above alterna-
tives. Remedial work on the main and original dams should be performed
under the direction of a professional engineer experienced in the design
and construction of tailings dams.

Seepage and stability analyses for the original dam and seepage
analyses for the main dam comparable to the requirements of the "Recom-
mended Guidelines for Safety Inspection of Dams" are not available.
These studies should be performed by a professional engineer experienced
in the design and construction of tailings dams and should be made a
matter of record. The necessary data for these analyses would be ob-
tained from additional investigations. The investigations would consist
of field exploration and soil sampling, a laboratory testing program,
and an engineering study to evaluate the stability of the dams includ-
ing an evaluation of the liquefaction potential of the original dam.
Based on the results of these analyses, remedial measures may become
necessary. Stability analyses available for the main dam are adequate
to snow that (1) the factors of safety do not meet the requirements of
the Guidelines, (2) the dam could be susceptible to liquefaction under
certain earthquake loadings, and (3) the stability of the dam is riot
adequate. An evaluation should be made to determine feasible and econo-
mical measures to increase the stability of the dam to meet the require-
ments of the Guidelines. Additional stability studies of the main dam
should be performed for appropriate loading conditions, including earth-
quake loads, in conjunction with any evaluations made to increase the sta-
bility of the dam and should be made a matter of record. Attention
should be given to a more detailed study of the seismicity of the site,
the response of the dam, and the seismic parameters of the materials
in conjunction with future stability evaluations and recommendations.
Remedial work should be performed under the dirLction of a professional
engineer experienced in the design and construction of tailings dams.

An inspection and maintenance program should be initiated. Periodic
inspections should be made and documented by qualified personnel to ob-
serve the performance of the dams, outlet structure, and spillways.

It is recommended that the owner take action to correct the defi-
ciencies described.

Kdnneth B. ing, P.-t Stanley H/Kline, P.E. ames H. Gray, P

. . .. . . . . . . . - . .. . . . . . .. ... .. .. . . .. . , . . ... .
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

ST. JOE STATE PARK DAM - ID NO. 30277

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law 92-367,
authorized the Secretary of the Army, through the Corps of Engineers, to
initiate a program of safety inspection of dams throughout the United
States. Pursuant to the above, the St. Louis District, Corps of Engi-
neers, District Engineer directed that a safety inspection of the St. Joe
State Park Dam be made and authorized International Engineering Company,
Inc. to make the inspection.

b. Purpose of the Inspection. The purpose of the inspection was
to assess the general condition of the dam with respect to safety,
based on available data and on visual inspection, to determine if the
dam poses hazards to human life or property.

c. Evaluation Criteria. Criteria used to evaluate the dam were
furnished by the Department of the Army, Office of the Chief of Engineers,
in the "Recommended Guidelines for Safety Inspection of Dams". These
Guidelines were developed with the help of several Federal agencies and
many state agencies, professional engineering organizations, and private
engineers.

1.2 DESCRIPTION OF PROJECT

a. Description of Dams and Appurtenances. The St. Joe State Park
Dam is actually two dams which will be discussed separately throughout
most of this report. The first dam built at the site, referred to in
literature as the Davis Creek Slime Pond, will be called the "original
dam" in this report. The second dam built at the site, referred to in
literature as the Davis Creek Dam, will be called the "main dam" in this
report. The right end of the main dam at main dam Station 31+70 abuts
the original dam at original dam Station 21+41 (Plates 3A and 3B).

(1) Main Dam

(a) The St. Joe State Park main dam is a cross-valley
dam constructed with rockfill. The initial rockfill
starter dam was raised with sand and silt sized lead
tailings and faced with rockfill. The dam retains
lead tailings, which consist of loose, saturated
fine sand and silt.

- 1 -



(b) The spillway is an uncontrolled open channel of tra-
pezoidal cross section located at the left abutment.
A low point in the terrain of the left abutment hill-
side upstream of the dam would function as an auxil-
lary spillway allowing flood discharge to flow into
an adjacent drainage. The spillway at the left abut-
ment and the low point that would act as an auxillary
spillway will be referred to as "spillway A" and
"spillway B", respectively, in this report and on
the plates. A reinforced concrete outlet structure
consisting of a 70-foot tall intake tower with twin
8-foot by 8-foot vertical shafts and a 310-foot long
tunnel beneath the dam composed of twin 8-foot by
8-foot outlet conduits also serves to discharge reser-
voir water. A low level intake shaft at the east side
of the tower which feeds into a 30-inch diameter steel
outlet pipe will not discharge reservoir water because
a valve at the outlet end of the pipe is closed.

(2) Original Dam

(a) The St. Joe State Park original dam is a U-shaped,
valley-side dam consisting of rockfill and spigoted
tailings. An embankment across the back of the pond,
which will be called the "railroad embankment" in this
report, forms an enclosed impoundment. The dam retains
sand and silt sized lead tailings.

(b) Three outlet structures, all of which are considered
to be nonfunctional, exist. A reinforced concrete
intake structure with a 24-inch diameter steel pipe
passing beneath the north leg of the dam which served
as the feed line to the mill is closed. Two rein-
forced concrete vertical outlet towers and tunnels
are located along the west leg of the dam. The out-
let of tower and tunnel #1 is almost completely
plugged with silt, and the outlet of tower and tunnel
#2 is bulkheaded and buried. The original dam has no
spillway to discharge floodwater from subarea 3.
Overflow would pass over the dam crest low point at
original dam Station 33+60 (Plates 3B and 4D).

b. Location. The dam is located in the central portion of St..
Francois County, Missouri, as shown on Plate 1. The dam, shown on Plate
2, is located in Sections 17 and 18, Township 36 North, Range 5 East.

c. Size Classification. St. Joe State Park Dam is greater than
100 feet high; therefore, this dam is classified as large in accordance
with the "Recommended Guidelines for Safety Inspection of Dams".

d. Hazard Classification. This dam is classified as having a high
hazard potential by the St. Louis District Corps of Engineers. The esti-

2-



mated damage zone, as provided by the St. Louis District Corps of Engi-
neers, extends approximately twenty miles downstream of the dam. The
town of Flat River, two highways, and many dwellings and buildings are
within this damage zone.

e. Ownership. This dam is owned by:

State of Missouri
Missouri Department of Natural Resources
P.O. Box 176
Jefferson City, MO 65101

f. Purpose of Dam. The purpose of the dam is to impound lead
tailings and water.

g. Design and Construction History. Construction of the original
dam began in the early 1900's when the St. Joseph Lead Company's Federal
Division mill was built in 1906. No design or construction records are
known to exist for the original dam.

Construction of the main dam began in July 1942. An initial rockfill
starter dam was built of coarse gravels and boulders and keyed into bed-
rock. The dam was made impervious by dumping minus 2-inch material ol
the upstream face and subsequently covering this with tailings that de-
creased in particle size in the upstream direction. The initial dam was
raised by deposition of lead tailings from a pipeline on the tailings
just upstream of the crest. A facing of rockfill was placed on the
downstream slope of the tailings as the dam was raised. The top portion
of the dam was raised by adding rockfill at the crest to retain the lead
tailings and water deposited by gravity flow into the impoundment upstream
of the dam.

The tailings deposition operation ceased after 1965. Between 1972 and
1976 the St. Joe Minerals Corporation undertook a program of removing
its mining facilities, and in the fall of 1976, the State of Missouri
obtained the land, including the tailings impoundment, for the St. Joe
State Park as a donation from the St. Joe Minerals Corporation. The
design and construction information available is discussed in Section 2.

h. Normal Operating Procedures. No information was available des-
cribing how tailings deposition was carried out at the original dam.
After construction of the initial embankment of the main dam, lead tail-
ings were discharged in a slurry form from a pipeline from the mill and
deposited by gravity flow into the impoundment along the dam crest.
After the main dam reached a level of about El. 830 feet, the tailing,,
were discharged upstream of the dam and deposited by gravity flow into
the impoundment and toward the dam. Water decanted at the main dam
was either pumped directly to the mill or pumped into the original dam
impoundment which functioned as a mill water supply pond after tailings
deposition started behind the main dam. The recycled water was used
in the milling operation. Tailings are no longer conveyed to either
the original dam or the main dam impoundments.

-3-



The outflow of surface runoff impounded by the original dam in subarea
3, if great enough, would pass over the dam crest low point at original

dam Station 33+60 (Plates 3B and 40). The three outlets at the original

dam are considered nonfunctional. The outflow of surface runoff impounded
by the main dam would pass through an uncontrolled vertical intake tower
with twin 8-foot by 8-foot outlet conduits located between main dam Sta-
tion 7+00 and 8+00. Outflow, if great enough, would also pass through an
uncontrolled, open channel spillway, spillway A, located at the left
abutment of the main dam and over a low point in the terrain of the left

abutment hillside upstream of the dam, spillway B, into an adjacent
drainage. Outlet structures at the main dam do not require operation,
and no operating records for either the original dam or the main dam are
known to exist.

1.3 PERTINENT DATA

Data presented in this section was obtained from the St. Joe State Park,

Mo., May 1976, 1 inch = 1000 feet scale, 10-foot contour topographic map,

and the I inch = 100 feet scale, 2-foot contour topographic maps prepared

for the Missouri Department of Natural Resources, Division of Parks and

Recreation by Western Air Maps, Inc. of Lenexa, Kansas and from field

measurements made on the dates of inspection (25 and 26 August 1979).
The data is presented on Plates 3 through 8.

a. Drainage Areas.

(1) Main dam - 2771 acres.

(2) Original dam - 405 acres (including area above railroad
embankment across the back of the pond).

b. Discharge at Damsite.

(1) Main dam

(a) Outlet structure discharge for pool at top of dam

(El. 895.0 feet) - 4500 cfs.

(b) Spillway A discharge for pool at top of dam (El.

895.0 feet) - 4900 cfs.

(c) Spillway B discharge for pool at top of dam (El.

895.0 feet) - 2150 cfs.

(d) Maximum experienced outflow at damsite - No available

information.

(2) Original dam

(a) Outlet pipe - All outlets at this dam are considered
nonfunctional. Not applicable.

4-



(b) Spillway - There is no spillway at this dam for subarea
3. Not applicable.

(c) Maximum experienced outflow at damsite - No available
information.

c. Elevation (Feet above M.S.L.)-

(1) Main dam

(a) Top of dam - Varies from El. 895.0 to El. 906.3.

(b) Streambed at downstream toe of dam - El. 7641.

(c) Maximum pool (PMF) - El. 895.7.

(d) Operating pool - No pool behind dam on 26 August 1979.
Not applciable.

(e) Spillway A crest - El. 886.3.

(f) Spillway B crest - El. 890.1.

(g) Top of intake tower - El. 875.9 at low level intake,
El. 879.8 at level of lower openings, El. 885.8 at
level of upper openings, El. 891.8 at top of tower.

(h) Invert at end of outlet conduits - El. 820.0-.

(i) Tailings surface adjacent to dam - Varies from El. 874.2
to El. 883.5.

(2) Original dam

(a) Top of dam - Varies from El. 901.7 to El. 921.5-.

(b) Downstream toe of dam at maximum section - El. 7821.

(c) Maximum pool (PMF) - El. 902.4.

(d) Operating pool - El. 888 on 25 August 1979.

(e) Tailirngs surface adjacent to dam - No distinct division
between dam and tailings surface.

Elevations are based on contours and spot elevations from the St.. Joe
State Park, Mo., May 1976, 1 inch = 100 feet scale. 2-foot contour
topographic maps.
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d. Reservoirs.

(1) Main dam

(a) Length of maximum pool (PMF) - 6500t feet.

(b) Length of operating pool - No pool behind dam on 26
August 1979. Not applicable.

(c) Length of impounded tailings - 14,000- feet.

(2) Original dam

(a) Length of maximum pool (PMF) - 2500- feet (including
area impounded by railroad embankment across the back
of the pond).

(b) Length of operating pool - 1000± feet.

(c) Length of impounded tailings - 5000± feet (including
area above railroad embankment across the back of the
pond).

e. Storage Above Tailings Surface.

(1) Main dam

(a) Top of dam (El. 895.0 feet) - 1951 acre-feet.

(b) Operating pool - No pool behind dam on 26 August 1979.
Not applicable.

(c) Spillway A crest (El. 886.3 feet) - 493 acre-feet.

(d) Spillway B crest (El. 890.1 feet) - 925 acre-feet.

(e) Top of intake tower (El. 879.8 feet at level of lower
openingZ) - 100 acre-feet.

(2) Original dam

(a) Top of dam (El. 901.7 feet) - 423 acre-feet.

(b) Operating pool (El. 888± feet on 25 August 1979) -

18 acre-feet.

f. Reservoir Surface Areas.

(1) Main dam

(a) Top of dam (El. 895.0 feet) - 278 acres.
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(b) Operating pool - No oool behind dam on 26 August 1979.

Not applicable.

(c) Spillway A crest (El. 886.3 feet) - 88 acres.

(d) Spillway B crest (El. 890.1 feet) - 142 acres.

(e) Top of intake tower (El. 879.8 feet at level of lower
openings) - 36 acres.

(2) Original dam

(a) Top of dam (El. 901.7 feet) - 57 acres.

(b) Operating pool (El. 8881 feet on 25 August 1979) -

11 acres.

g. Dams.

(1) Main dam

(a) Type - Rockfill and spigoted tailings.

(b) Crest length - 2930± feet.

(c) Height (maximum above steambed) - 134 feet at main dam
Station 20+82.

(d) Crest width - 15 to 25 feet.

(e) Side slopes -

0 Downstream slope - Variable between 1.25(H) to 1.0(V)
and 1.40(H) to 1.0(V).

0 Upstream slope - Unknown.

(f) Zoning - The zoning of the main dam is shown on a
generalized cross section in a technical article
entitled "The Davis Creek Dam" included in Appendix B
(page 8-2), and also on a ci'oss section presented
in a report entitled "Tailings Dam Investigation -
St. Joe State Park - Flat River, Missouri" by Sverdrup
and Parcel and Associates, Inc. included in Appendix B
(page B-32). The zoning consists of a homogeneous
rockfill starter dam to El. 797 feet. The rockfill
consists of waste rock grading from 2 inches to 28
inches in size. The upstream slope is blanketed with
minus 2-inch material overlain by minus 12-millimeter
material, referred to as jig chat, from an old tailings
pile. Finer lead tailings exist above the jig chat.
The zoning of the dam upstream and above the starter dam
to about El. 830 feet consists of coarse lead tailings
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comprised of fine sand and silt faced with waste rock
of the size used in the starter dam. Above El. 830 feet
the dam consists of finer lead tailings retained by
downstream rockfill zones.

(g) Cutoff - A 270-foot long, 16-foot wide, and 5.5-foot
deep trench was excavated to bedrock along the centerline
of the rockfill starter dam and was filled with minus
200 mesh tailings.

(2) Original dam

(a) Type - Rockfill and spigoted tailings.

(b) Crest length - 70601 feet.

(c) Height (above downstream toe at maximum section) -

124 feet at original dam Station 26+86.

(d) Crest width - 15 to 50+ feet. (There is no distinct
division between the dam and the tailings surface, and
the crest is not well defined.)

(e) Side slopes -

* Downstream slope - Variable between 1.0(H) to 1.0(V)
and 3.0(H) to 1.0(V).

* Upstream slope - Unknown.

(f) Zoning - No written information was available to indicate
the zoning of the original dam and whether a starter dam
was constructed or not. From the field inspection it
appears that the zoning of the dam consists of sand and
silt sized lead tailings faced with rockfill.

(g) Cutoff - No written information was available to
indicate that a cutoff was designed or constructed.

h. Spillways.

(1) Main dam

(a) Type -

* Spillway A - Uncontrolled trapezoidal open channel
at left abutment.

0 Spillway B - Low point in terrain of left abutment
hillside upstream of dam.

8-



(b) Control section -

0 Spillway A - The control section, which creates
a backwater condition in the spillway channel, is
located in, line with the dam crest at approximately
spillway A Station 3+40 at large flows. This is
downstream of the spillway cres' at the channel
inlet (spillway A Station 0+93). It has the fol-
lowing approximate dimensions: 40-foot bottom
width, 8-foot depth, 60-foot top width, and approxi-
mate side slopes of 1.7(H) to 1.0(V) and 1.3(H)
to 1.0(V).

* Spillway B - Located in relatively flat natural
channel downstream of the crest dependent on chan-
nel flow.

(c) Crest elevation -

* Spillway A - El. 886.3 feet.

• Spillway B - El. 890.1 feet.

(d) Upstream channel -

* Spillway A - 250-foot long open channel of trapezoidal
cross section separated from the reservoir at west
side of impoundment by a rock dike.

* Spillway B - There is no upstream channel.

(e) Downstream channel -

a Spillway A - Overgrown channel on left abutment hill-
side parallel to the dam which combines with chan-
nel draining the outlet conduits from the intake tower
and drains into Shaw Branch. The channel above the
outlet conduits is heavily overgrown with grasses,
brush, and small trees, and rock outcropping was ob-
served in the channel bottom. The channel below the
outlet conduits is eroded through the shale bedrock.

0 Spillway B - Neighboring natural drainage to the west
of the dam.

(2) Original dam - There is no spillway at this dam for subarea
3. Not applicable.

i. Outlets.

(1) Main dam

(a) Type - Reinforced concrete intake tower with twin 8-foot
by 8-foot vertical shafts and twin 8-foot by 8-foot
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outlet conduits beneath the dam. A low level intake
shaft which feeds into a 30-inch diameter steel outlet
pipe which has a closed valve at the outlet end of the
pipe makes up the east side of the intake tower.

(b) Length - 310 feet.

(c) Upstream invert - El. 875.9 feet at low level intake,
El. 879.8 feet at level of lower openings, El. 885.8
feet at level of upper openings, El. 891.8 feet at top
of tower.

(d) Downstream invert at end of outlet conduits - El.
820.0- feet.

(e) Entrance shape - Side openings in intake tower are
rectangular and square-edged.

(f) Slope - Estimated to be between zero and 0.2 percent.

(g) Flow - No flow on 26 August 1979 except for minor seepage.

(2) Original dam - The three outlets at this dam are considered
nonfunctional. Not applicable.

j. Regulating Outlets. None.

k. Diversion Ditches. None.
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

The only design data found available for the original dam were two design
drawings showing details of the two outlet towers and tunnels. These
drawings were found in a large set of design drawings of the mill facil-
ities. They were shown to the inspection team during a visit to Team
Four Associates in St. Louis, Missouri, on 30 August 1979. One drawing
entitled "Federal Mill - Outlet Tower and Culvert for Slime Pond" numbered
1958 and dated 1927 showed the sizes of the #1 intake tower and outlet
conduit, and listed one reference elevation at the base of the tower and
some coordinates for the location of the tower and outlet. The intake
tower was shown as a 5-foot, 6-inch by 4-foot, 3-inch vertical shaft
(inside dimensions) with a 42-inch wide inlet opening on one side. The
outlet was shown as a 3-foot wide by 4-foot, 8-inch high conduit (inside
dimensions) including a 6-inch high arched configuration at the top.
A reference of El. 830.00 feet was indicated at the base of the tower.
The drawing did not indicate overall dimensions such as the length and
slope of the conduit or the height of the tower. The second drawing
entitled "Federal Mill - Outlet Tower and Culvert Reinforcing Details"
numbered 5344 and dated 23 June 1927 showed the size of the #2 outlet
conduit as being a 4-foot wiae by 5-foot high tunnel (inside dimensions)
and the height of the intake tower as being 60 feet but lacked other
overall dimensions. No seepage cutoff collars were shown for the outlet
conduits on the drawings. No design drawings or data are known to exist
for the original dam embankment itself.

Some design data for the main dam was made available to the inspection
team. A copy of a technical article entitled "The Davis Creek Dam" by
M. N. Dunlap dated March 1947 and published by the American Institute of
Mining and Metallurgical Engineers was obtained both from Team Four
Associates during the visit to their office and Mr. John Kennedy, Director
of Environmental Control for St. Joe Minerals Corporation. The article
contains a description of the design, construction, and function of the
main dam and appurtenant structures, and discusses how the tailings disposal
operation was carried out. A generalized cross section of the rockfill
starter dam with the raised section of tailings faced with rock to about El.
830 feet is contained in the report. Also in the report is a general plan
for the original reinforced concrete overflow structure for the main dam
which was located at the west end of the starter dam between main dam Station
14+00 and 15+00. This structure no longer exists. The technical article
is included in Appendix B (page B-1).

Drawings showing the plan and cross sections of the main dam to its present
height were provided to the inspection team by St. Joe Minerals Corporation.
The plan is entitled "Davis Creek Dam" and contains spot elevations and a
sketch of the intake tower. The cross sections show the zoning of the dam.
No dates appear on the drawings, and it is not known whether these drawings
are design or construction drawings. The drawings are presented as Figures
1, 2, and 3 in a report entitled "Tailings Dam Investigation - St. Joe State
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Park - Flat River, Missouri" by Sverdrup and Parcel and Associates, Inc. of
St. Louis, Missouri dated January 1978 and are not presented separately
in Appendix B. The report is included in Appendix B and discussed in the
next section.

2.2 CONSTRUCTION

No construction records for the original dam were available. Construction
of the original dam began in the early 1900's when the St. Joseph Lead
Company's Federal Division mill was built in 1906. No written information
was available to indicate the zoning of the dam, whet!,er a starter dam was
constructed or not, or if a cutoff was constructed.

The technical article entitled "The Davis Creek Dam" presented in Appendix
B provides the most information available about the construction of the
main dam. The article indicates that construction of the main dam began
in July 1942. An initial rockfill starter dam was constructed in the
drainage west of the original dam. The article states that the starter
dam was 550 feet long with a maximum height of 36 feet at El. 797 feet,
and that a cutoff ditch 270 feet long, 16 feet wide, and 5.5 feet deep
was excavated to bedrock along the proposed dam's centerline and filled
with tailings. The dam was built of waste rock grading from 2 inches to
28 inches in size. The upstream slope was blanketed with layers of
material which decreased in particle size in the upstream direction to
seal the dam. Minus 2-inch material was dumped over the upstream slope
and was subsequently covered by minus 12-millimeter material, referred to
as jig chat, from an old tailings pile which in turn was covered by
tailings deposited from a pipeline from the mill.

Lead tailings were deposited behind the starter dam, and the dam was sub-
sequently raised with tailings to about El. 830 feet by discharge through
a pipeline at many positions along the dam according to the procedure
outlined in the technical article Tailings deposition to about El. 830
feet was in an upstream direction from the dam crest. As the main dam was
raised it intersected the original dam at its southwest corner. The steep
northern or downstream slope of the tailings was faced with waste rock
greater than 2-inch size. A reinforced concrete overflow structure was
constructed at the west end of the starter dam between main dam Station
14+00 and 15+00. A plan and a description of its construction are given
in the technical article.

In a preliminary report entitled "Geotechnical Report - St. Joe State
Park" by Sverdrup and Parcel and Associates, Inc. of St. Louis, Missouri
dated 10 January 1977, a description of how the main dam was raised is
given. The report states that above El. 830 feet, tailings were dis-
charged upstream of the dam and deposited by gravity flow toward the
dam. Rockfill zones were built up on the dam crest to retain the tailings
and water. As the dam was raised, the original overflow structure was
abandoned, and a reinforced concrete intake tower with twin 8-foot by 8-
foot outlet conduits and a low level intake which feeds into a 30-inch
diameter steel outlet pipe was constructed to the west between main dam
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Station 7+00 and 8+00. It is not known whether the original overflow
structure was removed, but most likely it was buried within the dam as
the dam was raised.

As a result of the way tailings were deposited into the main darm impound-
ment, coarse lead tailings consisting of fine sand and silt exist behind
the dam to about El. 830 feet, and finer lead tailings probably exist
above this elevation. Above the top of the starter dam, the dam was
raised by the upstream method of construction. The dumped waste rock in
the downstream zone of the dam is in a loose state and is at or near its
natural angle of repose on the downstrearr face.

Answers to questions regarding the original purpose and function, the
present condition, and the dimensions of appurtenant structures observed
at the damsite were provided by St. Joe Minerals Corporation. This infor-
mation along with data from three drill holes made into bedrock is included
in Appendix B (page B-10). It was obvious from the field inspection that
the present intake tower at the main dam was increased in height as the
level of the tailings rose. The side openings in the tower were filled
with concrete, and new openings at a higher elevation were provided as
the tower was raised. No information was available to indicate that
seepage cutoff collars were constructed around the conduits beneath the
main dam.

The tailings deposition operation ceased after 1965. Between 1972 and
1976, the St. Joe Minerals Corporation undertook a program of removing
its mining facilities and salvaging equipment. In the fall of 1976, the
State of Missouri obtained the land, including the tailings impoundment,
for the St. Joe State Park as a donation from the St. Joe Minerals
Corporation. A master plan report for the state park and tailngs impound-
ment by Team Four Associates and Anselevicius/Rupe/Associates dated May
1978 and entitled "St. Joe State Park Master Plan - Technical Report"
was prepared for the State of Missouri.

A preliminary report referred to in Section 2.1 by Sverdrup and Parcel and
Associates, Inc. of St. Louis, Missouri dated 10 January 1977 and entitled
"Geotechnical Report - St. Joe State Park" indicates that the main dam
appeared stable under static conditions although local surface sloughing
was noted on the steep downstream slope, and that the original dam had
stabilized and no surface sloughing had occurred recently. The report
states that the intake tower and outlet conduits, and the spillway at the
left abutment of the main dam were in excellent condition. The condition
of the tailings impounded by the dam are discussed, and recommendations for
development on the tailings are given. Hydrologic aspects of precipitation,
drainage, evaporation, transpiration, infiltration, and percolation for the
drainage basin are also discussed. This report is included in Appendix B
(page B-12).

A report was prepared by J. H. Williams of the Missouri Geological Survey
dated 1 March 1977 and entitled "Engineering Geologic Report on the St.
Joe State Park Tailings Dam and Environs". The report indicates concern
about the possibility of a massive failure of the main dam considering
that the tailings are possibly saturated throughout their vertical thick-
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ness and are susceptible to liquefaction under earthquake 1oading, and

considering that the upper portion of the dam above the starter dam is

only a veneer of rock over the tailings. The report states that the

upstream method of construction was used for the main dam after completion

of the starter dam and that it is likely that soft tailings lie directly

beneath the crest of the dam. Recommenddtions were made for subsurface

exploration and sampling to verify the character of the tailings and the

stability of the dam. This report is included in Appendix B (page B-20).

A stability analysis was made for the St. Joe State Park main dam by
Sverdrup and Parcel and Associates, Inc. of St. Louis, Missouri. The

results of this analysis are contained in a report dated January 1978

and entitled "Tailings Dam Investigation - St. Joe State Park - Flat

River, Missouri" for the State of Missouri Department of Natural Resources.
The purpose of the study was to investigate the stability of the main

dam under seismic conditions. The report indicates that a ground accelera-
tion of 0.14g will cause the silt tailings behind the main dam to liquefy,
and that significant settlement may occur due to densification caused by
earthquake shaking. Based upon data collected from three borings drilled
to bedrock through the tailings and the dam cross section and material

parameters presented in the report, it was reported that the dam has a

factor of safety against strength failure between 1.10 and 1.20 for a

static condition, between 0.95 and 1.05 for a grcund acceleration of
0.1g, and between 0.85 and 0.95 for a ground acceleration of 0.2g. The
report also indicates that there is a 90 percent probability that ground
acceleration of O.Ig to O.2g will not be exceeded within the next 50
years. The report concludes that the main dam may stand against minor

earthquakes (under Modifiea Mercalli Intensity Scale VI), but that
failure may be induced if an earthquake of greater intensity occurs and

an adquate dewatering system is not provided. This report is included

in Appendix B (page B-24).

2.3 OPERATION

No operating records are known to exist. The technical article entitled
"The Davis Creek Dam" presented in Appendix B describes how the tailings
were deposited at the main dam and the function of the appurtenant struc-
tures. Many of the appurtenant structures which were operational when
the tailings dam was active are no longer functional, and most of the
operating equipment such as pumps and pipelines was salvaged before the
land was given to the state. Tailings disposal ceased after 1965.

The outflow of surface runoff impounded by the original dam for subarea
3, if great enough, would pass over the dam crest low point at original

dam Station 33+60. The outflow of surface runoff impounded by the main
dam would pass through an uncontrolled vertical intake tower with twin

8-foot by 8-foot outlet conduits, and, if great enough, would also pass
through an uncontrolled, open channel spillway, spillway A, located at

the left abutment and over a low point in the terrain of the left abut-

ment hillside upstream of the dam, spillway B, into an adjacent drainage.
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2.4 EVALUATION

a. Availability. No design or construction records were available
for the original dam except for two design drawings of the outlet towers
and tunnels. A technical article describing constructon of the main dam
and operation of the tailings impoundment was available and is presented
in Appendix B. Gectechnical reports concerning the condition of the main
dam and the stability of the main dam under seismic conditions were also
available and are presented in Appendix B. Information regarding the
function and present condition of appurtenant structures at the dam was
supplied by St. Joe Minerals Corporation. The master plan for the St.
Joe State Park, including the tailings impoundment, was made available,
and detailed topographic maps of the state park were provided by the
Missouri Department of Natural Resources, Division of Parks and Recreation.

b. Aaequacy. The data obtained from available topographic maps and
the visual inspections presented herein are considered adequate to support
the conclusions ef this report. Seepage and stability analyses 'or the
original dam and seepage analyses for the main dam comparable to the
requirements of the "Recommended Guidelines for Safety Inspection of Dams"
were not available, and the lack of this information is considered a
deficiency. These seepage and stability analyses should be performed for
appropriate loading conditions, including earthquake loads, and made a
matter of record. The stability analyses available for the main dam are
adequate to show that (1) the factors of safety do not meet the require-
ments of the Guidelines, (2) the dam could be susceptible to liquefaction
under certain earthquake loadings, and (3) the stability of the dam is
not adequate. Additional stability studies of the main dam should be
performed for appropriate loading conditions, including earthquake
loads, in conjunction with any evaluations made to increase the stability
of the dam and should be made a matter of record. Attention should be
given to a more detailed study of the seismicity of the site, the response
of the dam, and the seismic parameters of the materials in conjunction
with future stability evaluations and recommendations.

c. Validity. Not applicable to the original dam because no design
data for the embankment was available. The technical article entitled
"The Davis Creek Dam" presented in Appendix B provides a fairly good
documentation of the construction of the main dam and the operation of
the tailings impoundment; however, detailed dimensioning of the dam is
not given, and not all data could be verified by a visual inspection.
No quality control records are known to exist. The available stability
analyses of the main dam were performed with accepted procedures, and the
conclusions of these analyses are considered valid for use as a basis
for conclusions concerning the safety of the dam in this report.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. The dam was inspected by two civil engineers from
International Engineering Company, Inc. on 25 and 26 August 1979. Mr.
Tom Sieve, the park superintendent at the dam ite, met with the inspection
team on 22 August 1979 to tour the damsite and reservoir area. A visit
was made to Mr. Joe Goedde, Drogram Director for tne Missouri Department
of Natural Resources, Division of Parks and Recreation, in Jefferson City,
Missouri on 24 August 1979 to obtain topographic data for the damsite and
the watershed drainage area. Mr. John Kennedy, Director of Environmental
Control for St. Joe Minerals Corporation, the previous owner of the dam,
also met with one member of the inspection team on 29 August 1979 to
provide information about the design, construction, and operation of the
impoundment. The impoundment created by St. Joe State Park Dam contains
lead tailings. Tailings deposition ceased after 1965. Photographs
taken during the inspection are included in this report. The field
locations of the photographs are shown on Plate 9.

b. Project Geology. The impoundment watershed is covered by a
residual, gray-brown, gravelly silt weathered from dolomite and limestone.
The underlying bedrock is mapped as dolomite with shale beds of the
Cambrian Age, Bonneterre Formation. Bedrock was exposed in the spillway A
channel of the main dam on the left abutment hillside and was observed
at the left abutment contact of the initial rockfill starter dam at
approximately El. 790 ft. Horizontally bedded shale was observed at the
outlet of the conduits passing beneath the main dam from the intake
tower. The drainage channel below the outlet conduits (El. 820 feet)
and below the point where the spillway A channel joins this drainage is
eroded in a stairstep fashion through the shales.

c. Dan. The plan of the main dam is shown on Plate 3A, and the
plan of the original dam is shown on Plate 3B. The profile ana cross
sections of the main and original dams are shown on Plates 4 and 5. The
profile of spillway A at the left abutment of the main dam is shown on
Plate 6, and a road profile along the left abutment hillside upstream of
the main dam which includes cross sections of spillways A and B is shown
on Plate 7A. A cross section of spillway C is shown on Plate 7B. Plate
8 shows pertinent dimensions and elevations of the main dam intake tower
as determined from field measurements on 25 August 1979.

There is essentially no vegetation on either the original dam face or
the main dam face. Some trees were observed to be growing out of the
lower portion of the main dam embankment at the left abutment and appeared
to be rooted in the foundation. A few small trees were growing on the
crest of the starter dam. Scattered weeds and grasses were growing
along the crest of both dams, and weeds, grasses, and brush was observed
along the upstream slope of the main dam adjacent to the tailings surface.
Dense forest and underbrush exists in the drainage of Shaw Branch below
the original and main dams. Grasses are growing on a considerable
portion of the tailings surface.
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No detrimerntal settlemerL, depressions, cracks, sinkholes, erosion,
piping, or animal burrows were observed in or near either the original
or the main dams. Some minor surface erosion and surface ravelling was
observed along the downst,'eam sl. ,e of t'e main dam.

No seepage was observed at any point alkng the toe or downstream face of
the original dam. Some seepage was observed at the joints in the twin
8-foot by 8-foot concrete outlet conduits passing beneath the main dam
between Stations 7+00 and 8+00. The total seepage into the two conduits
and exiting at their outlet was estimated to be about. 1 gpm. Seepage
was evident around the exterior of the concrete condu't outlet at the
toe of the dam. Seepage was observed on both sides and oni Lop of the
outlet and was also observed issuing from the exposed bedding planes in
the shale adjacent to the outlet on its west side. Marsh grass was
growing on both sides of the outlet. All seepage observed wa: flowing
clear. The only other evidence of seepage observed was at the maximum
section of the main dam at the toe of the starter dam in the vicinity of
Station 21+00. The natural ground, for a width of about 30 feet at the
dam toe, was soft and wet, although no seepage was observed at the ground
surface. Marsh grass was growing in this area.

The elevation difference between the main dam crest and the tailings
surface adjacent to the dam ranged from about 13 to 21 feet. The eleva-
tion difference between the main dam crest low point and the level of
the lower openings in the intake tower was 15.2 feet. The elevation
difference between the dam crest low point and the spillway A crest was
8.7 feet, and the elevation difference between the dam crest low point
and the spillway B crest was 4.9 feet. A distirct division between the
embankment and the tailings surface at the original dam does not exist
in many areas making freeboard difficult to define. Waste rok from the
mining operation covers the upstream and downstream faces of the original
and main dams and provides slope protection. This rock is similar to the
rock grading from 2 inches to 28 inches in size which was used to construct
the starter dam for the main embankment. A majority of the rock on the
slopes is between 6 inches and 10 inches in size.

No evidence of instability was observed at any of the abutments. The
left abutment of the main dam is covered with a shallow layer of gravelly
sandy silt overlying bedrock. It was not possible to determine if
clearing and stripping of foilage had been done on the abutment or if
the overburden had been stripped to bedrock beneath the dam as it was
raised up the left abutment. The right abutment of the main dam is
actually the southwest corner of the original dam at original dam Station
21+41.

d. Appurtenant Structures.

(1) Main Dam: The primary spillway at the main dam, spillway
A, is an uncontrolled open channel of trapezoidal cross section located
at the end of the dam at the left abutment. The channel begins about
250 feet upstream of the dam crest, and the slope of this approach
section is less than one percent. The upstream channel is separated
from the reservoir at the west side of the impoundment by a rock dike.
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Downstream of the dam crest, the channel makes a sharp turn to the east
and is aligned parallel to the dam on the left abutment hillside. The
channel is separated from the da-, toe between spillway A Stations 4+00
and 7+00 at the left end of the dam by a rock dike. The centerline of
the channel is aligned approximately 150 feet downstream of the dam toe.
Just beyond Station 10+00 of the spillway A channel at approximately El.
820 feet, the channel combines with tne channel draining the outlet
conduits from the intake tower. The channel continues down the left
abutment hillside parallel to the dam toe to the natural stream channel
of Shaw Branch. The spillway A channel profile and cross sections are
shown on Plate 6 and Plates 4A and 7 respectively.

The spillway A channel abcve the outlet conduits at El. 820 feet is
heavily overgrown with grasses, brush, and small trees, and the area
just in front of the entrance to the spillway channel at Station 0+93 is
occupied by dense brush and trees. The approach section of the channel
upstream of the dam is not as overgrown as the rest of the channel.
Rock outcropping was observed in the channel bottom just downstream of
the dam crest where the channel turns down the left abutment hillside
and at other locations farther down the hillside. The depth to bedrock
in the approach section of the chan~iel is probably quite shaillow.
There are no stilling basins or energy dissipators for spillway A.

Spillway B, located about 700 feet upsteam of the main dam crest, is a
low point in a road along the left abutment hillside. This low point
was probably not intended as a spillway, but it would function as an
auxillary spillway prior to dam overtopping. Flood discharge passing
over this low point would flow into an adjacent drainage to the west of
the dam and would not drain into Shaw Branch. A profile of the road
with a cross section of spillway B is shown onl Plate 7.

A reinforced concrete outlet structure consisting of an uncontrolled
intake tower with twin 8-foot by 8-foot vertical shafts which turn 90
degrees at the bottom of the tower and pass bcneath the embankment to
exit at the downstream toe exists near the left abutment of the ,iain
dam. The 8-foot square outlet conduits pass beneath the embankment.
between main dam Stations 7+00 and 8+00. On the east side of the intake
tower is a third shaft which functioned as a low level intake when ,.he
tailings dam was in operation. The shaft feeds into a 30-inch diameter
steel outlet pipe which passes beside the outlet conduits. A valve at
the outlet end of the pipe is closed. The height of the intake tower
above its foundation is about 70 feet, and it has two levels ot inlet,
openings on each side of the tower above the tailings surface. The
openings are rectangular, 6 feet wide and 4.5 feet. high, and square-edged.
The top of the tower is open. Reinforcing steel is exposed at the inlet
openings and at the top of the tower; the tower was raised and inlet
openings were filled with concrete as the tailings level increased when
the dam was active. The outlet conduits are approximately 310 feet long
and have an estimated slope between zero and 0.2 percent. The transition
between the vertical shafts and the horizontal conduits is a curved
surface having a radius of about 8 feet. Pertinent dimensions and
elevations of the intake tower are shown on Plate 8.
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The intake tower and outlet conauits are in good condition. No flow was
passing through the outlet structure on the date of inspection except
for some minor :eepage which was leaking into the structure through the
concrete joints. There are no stilling basins or energy dissipators at
the outlet of the conduits; however, a concrete apron does exist at the
outlet. The concrete pad, about 15 feet long by 25 feet wide and con-
structed on bedrock, appeared to be in fairly good condition. The
channel downstream of the outlet conduits which combines with the spillway
A channel and drains into Shaw Branch is eroded through the shale
bedrock.

(2) Original Dam: There is no spillway at the original dam to
discharge runoff for subarea 3. A reinforced concrete intake structure
with a 24-inch diameter steel pipe passing beneath the north leg of the
dam between original dam Station 40+00 and 41+00 is not functional. The
outlet pipe which served as a feed line to the mill was closed when opera-
tions ceased. Two reinforced concrete intake towers and outlet conduits
are located along the west leg of the original dam. The outlet for outlet
tower and tunnel #2 was not found during the field inspection; information
supplied by St. Joe Minerals Corporation indicates that the outlet was
bulkheaded and is buried near the intersection of the original and main
dains. The intake tower, open at tne top, has an inside dimensio, of 3.5
feet square and has 8-inch by 3.5-foot square-edged openings on two sides
as measured in the field. The outlet for outlet tower and tunnel #1 is
located adjacent to an abandoned pumphouse near the toe of the northwest
corner of the dam. It was silted to within less than 12 inches from the
top of the outlet. The width of the outlet conduit was measured as 3.0
feet. The intake tower was open at the top and had a 3.8-foot wide
opening on one side with flashboards. A 12-inch diameter steel pipe
within the tower and tunnel exits through this side opening. The pipe
was used as an inlet line to the original dam pond. The concrete of
both intake towers is in fairly good condition; the concrete at the
outlet of tower and tunnel #1 is in poor condition.

A 48-inch diameter steel culvert draining subarea 2 into subarea 3 passes
beneath the embankment at the back of the original dam pond at original dam
Station 58+80. The culvert is approximately 100 feet long and has a short
36-inch diameter steel pipe section attached to a steel plate at the west
or downstream end of the culvert. The inverts at the inlet end, at the
transition between the two sections, and at the outlet end based on the+
topographic maps an field measurements are at El. 905.2- feet, El. 904-
feet, and El. 901.0- feet, respectively. The short pipe section would act
as a spout to direct flow down into the pond. Nothing exists to dissipate
energy at the outlet of the culvert, and considerable erosion of the tail-
ings was observed where the culvert empties into the original dam pond.

A low point in the natural terrain, approximately 350 feet east of the
railroad embankment, at original dam Station 54+00, would allow a dis-
charge to flow from subarea 2 into the neighboring drainage north of the
dam. This low point has been designated spillway C. A cross section of
spillway C is shown on plate 7B.
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e. Reservoir Area. No evidence of landsliding was observed in the
reservoir area. There are no upstream structures within the watersheds
of either the original dam or the main dam that would be subjected to
backwater flooding. Most cf the watershed consists of undisturbed
forest with no evidence of excessive erosion activity. Grasses are
growing on a considerable portion of the tailings surface. Erosion was
noted in the tailings pond where intermittent drainage channels were
developing through the tailings. Over tire, sediment will accumulate
behind the dam, reducing storage capacity. The sediment is derived from
erosion of the tailings as the intermittent drainage channels are estab-
lished. The tailings impounded by the original and main dams consist of
saturated, loose, fine sand and silt that have been deposited by hydraulic
methods. The tailings impounded by the oriqinal dam are probably more
stable than those impounded by the main dam, because the original dam
has been inactive for a longer period of time.

f. Downstream Channels. The channel downstream of the main dam
which drains the outlet structure and spillway A is eroded through the
shale bedrock. The natural downstream channel of Shaw Branch, also
known as Davis Creek, below the St. Joe State Park Dam is undeveloped
and heavily forested. Shaw Branch drains into Flat River about 6000
feet downstream of the dam at which point the river flows through the
town of Flat River.

3.2 EVALUATION

a. Main Dam. This dam has deficiencies that threaten the stability
of the embankment. Above the starter dam to about El. 830 feet, the
tailings dam is constructed of lead tailings consisting of fine sand and
silt that were deposited by gravity flow in an upstream direction from
the dam crest. Above El. 830 feet, the dam probably consists of finer
lead tailings, because the tailings were discharged upstream of the dam
and deposited by gravity flow in a downstream direction toward the dam.
Above the starter dam, the embankment was raised by the upstream method
of construction. Available information indicates that the water table
in the tailings behind the main dam is close to the surface. Because of
the gradation of the tailings and the water level within them, this dam
could be subject to liquefaction under earthquake loading and must be
considered potentially unstable.

Although no tailings have been deposited behind the main dam for many years,
minimal consolidation of the tailings has probably taken place, particularly
in the zone of finer tailings above about El. 830 feet. Therefore, the
downstream rockfill zones could be retaining a material with very low
strength.

The main dam is a relatively porous structure above the tailings surface.
If the water level were to rise high enough above toe tailings surface
adjacent to the dam due to flood runoff, there could be significant.
seepage through the embankment which could adversely affect the stability
of the dam.
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No major seepage was observed at the main dam. Some seepage was observed
around the concrete outlet conduits. Although no slope instability
other than minor surface ravelling was observed, the downstream embankment
slope is at or near the angle of repose of the rockfill comprising the
downstream zone. Seepage analyses are needed for the evaluation of the
long-term stability of the dam. This is particularly important because
of the relatively thin veneer of rock protecting the downstream slope of
the tailngs above the starter dam and because the fine sand and silt
tailings could have a low resistance to erosion and piping. Available
slope stability analyses indicate that the dam does not meet the stabil-
ity requirements of the "Recommended Guidelines for Safety Inspection
of Dams". The waste rock comprising the upstream slope of the main dam
above the tailings surface appears to be adequate erosion protection.

b. Original Dam. This dam has deficiencies that threaten the sta-
bility of the embankment. Although the tailings deposit behind the ori-
ginal dam is probably more stable than the deposit behind the main dam
because it has been inactive for a longer period of time, this could not
be determined by a visual inspection. Therefore, like the main dam,
this dam could be subject to liquefaction under earthquake loading. No
information was available to indicate how the original dam was constructed.
From the field inspection, it appeared that it may have been constructed
by the upstream method similar to the main dam above the starter dam.
Therefore, like the main dam, the downstream rockfill zones may be
effectively retaining a material with very low strength.

No seepage was observed at the original dam, and although no slope insta-
bility was observed, the downstream embankment slope is at or near the
angle of repose of the rockfill comprising the downstream zone. The long-
term stability of the dam can not be evaluated until seepage and stability
analyses are performed. The waste rock comprising certain portions of the
upstream slope of the original dam above the tailings ,urface appears to
be adequate erosion protection; however, theie are many areas where a dis-
tinct division between the embankment and tailings surface does not exist
which makes freeboard difficult to define. These areas have essential~y
no erosion protection.

lhe original dam has no spillway to discharge floodwater from subarea 3,
and all structures that could function as outlets are either closed or
plugged, making them nonfunctional. Overflow would pass over the dam
crest low point at original dam Station 33+60. Any overtopping that might
occur as a result of flood runoff could cause erosion of the embankment
materials and could threaten the stability of the dam.

211
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

No regulating procedures are known to exist for either the original dam
or the main dam. Tailings are no longer conveyed to either impoundment.
The outflow of surface runoff impounded by the original dam in subarea 3,
if great enough, would pass over the dam crest low point at original dam
Station 33+60. The outflow of surface runoff impounded by the main dam
would pass through an uncontrolled vertical intake tower with twin outlet
conduits, and, if great enough, would also pass through an uncontrolled,
open channel spillway, soillway A, located at the left abutment and over
a low point in the terrain of the left abutment hillside upstream of the
dam, spillway B, into an adjacent drainage.

4.2 MAINTENANCE OF DAM

Information available to the inspection team indicates that the dam is
not regularly maintained.

4.3 MAINTENANCE OF OPERATING FACILITIES

There are no operating facilities at this dam. Not applicable.

4.4 DESCRIPTION OF WARNING SYSTEM IN EFFECT

Information available to the inspection team indicates that there is no
warning system for this dam.

4.5 EVALUATION

The behavior of the dam should he monitored periodically to observe any
indications of instability, such as cracks in the dam, sloughing, sudden
settlement, erosion of the dam or spillways, or an increase in the volume
or turbidity of emerging seepage. A maintenance program should be ini-
tiated for the dam.
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SECTION 5 - HYDRAULIC AND HYDROLOGIC ANALYSES

5.1 EVALUATION OF FEATURES

Hydraulic and hydrologic analyses were made by Sierra Hydrotech of Placer-
ville, California.

a. Design Data. The significant dimensions of the dams, spillways,
and outlet structures are presented in Section 1 - Project Information
and in the accompanying drawings, Plates 3 through 8. No hydrologic or
hydraulic design information is available.

For this evaluation, the watershed drainage areas, stream lergths and
slopes, and reservoir areas were obtained from the St. Joe State Park,
Mo., May 1976, 1 inch = 1000 feet scale, 10-foot contour topographic map
prepared for the Missouri Department of Natural Resources, Division of
Parks and Recreation by Western Air Maps, Inc. of Lenexa, Kansas.

The total drainage area of the St. Joe State Park Dam, I.D. No. 30277, is
3176 acres (4.96 square miles). The watershed and drainage boundary are
shown on Plate 2. The watershed was divided into the following three
separate subareas:

Incremental

Drainage Area
Subarea (Acres)

1. Watershed above Main Dam 2771

2. Watershed above Railroad Embankment 333

3. Incremental Area Between the Railroad Em- 72
bankment and the Original Dam

Land use and vegetation patterns in the watershed were determined from
field observations and aerial photographs. Soil classifications were
obtained from soil survey field sheets prepared by the U.S. Department
of Agriculture Soil Conservation Service (SCS). The soil groups for
this watershed are classified as Wilderness Cherty Silt Loam, Hildebrecht
Silt Loam, and Caneyville Stony Silt Loam, all equivalent to hydrologic
soil group C classification, which has a slow rate of water transmission,
and Goss Very Cherty Silt Loam, equivalent to hydrologic soil group B
classification, which has a moderate rate of water transmission. The
tailings have been classified by the SCS as soil group A, which has a
high rate of water transmission.

The observed ponding and water table information as well as the antecedent
conditions associated with this analysis indicated the necessity of
assigning significantly higher curve numbers to tailings than would be
used for a hydrologic soil group A classification. The type of land
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cover and land use were used to estimate runoff curve numbers (CN) for
the antecedent moisture conditions (AMC), which determine the amount of
infiltration, retention losses, and net runoff.

The data and assumptions used in the hydrologic and hydraulic analyses
for each subarea are individually discussed below. Basin parameters
such as lag time, unit hydrograph, probable maximum precipitation,
losses, and net runoff for each subarea are presented in Appendix A.

Subarea 1 - Watershed above Main Dam

The drainage area of this subarea is 2771 acres (4.33 square miles). The
watershed was divided into the following types of land use and vegetal
cover:

Approximate
Type of Cover Percent of Watershed

Water 2
Tailings 26
Grassland (Hydrologic Soil Group C) 2
Woodland (Hydrologic Soil Group B) 21
Woodland (Hydrologic Soil Group C) 49

The estimated runoff curve numbers (CN) weighted according te the above
land cover distribution are CN 63 for the antecedent moisture condition
(AMC) II condition and CN 80 for the AMC III condition.

There are three means for flood discharge at the main dam impoundment.
A reinforced concrete outlet structure consisting of a vertical intake
tower with twin 8-foot by 8-foot outlet conduits that pass beneath the
dam is located between Stations 7+00 and 8+00 of the main dam near the
left abutment. A trapezoidal spillway channel, spillway A, is located
at the left abutment, and a low point in the terrain of the left abutment
hillside upstream of the dam would function as an auxillary spillway,
spillway B, allowing flood discharge to flow into an adjacent drainage.
The dam and spillway profile and cross section data was developed from
the St. Joe State Park, Mo., May 1976, 1 inch = 100 feet scale, 2-foot
contour topographic maps and from field measurements made on 25 August
1979. This data is presented en Plates 3A, 4A, 4B, 5, 6, and 7A. The
intake tower and twin 8-foot by 8-foot outlet conduit data was obtained
from field measurements made on 25 August 1979 and is presented on Plate
8. The outlet and spillways are individually discussed below:

(1) Reinforced Concrete Intake Tower with Twip 8-foot by 8-
foot Outlet Conduits: The conduits which pass beneath the dam are
approximately 310 fee$ long. The inverts+at the upstream and outlet
ends are at El. 820.5- feet and El. 820.0- feet, respectively. The
pertinent dimensions and elevations of the intake tower as determined
from field measurements and the topographic maps are shown on Plate 8.

- 24 -



Several possible flow conditions can exist, depending on the water
surface elevation at the intake tower. The discharge rating cLrve for
the 8-foot by 8-foot conduits was calculated using a Manning's "n" of
0.017; however, inlet capacity controlled within the range of water
surface elevations up to and including the maximum pool (PMF) level.
Inlet capacity was calculated in the following ways:

* Weir flow condition when the reservoir water surface is below
the top of the inlet opening (El. 884.3 feet for the lower
openings and El. 890.3 feet for the upper openings). A weir
discharge coefficient of C = 3.4 was used.

0 Orifice flow condition when the reservoir water surface sub-
merges the inlet opening.

* Broad crested weir flow condition when the reservoir water
surface is above the opening at the top of the intake tower
(El. 891.8 feet). A weir discharge coefficient of C = 2.7 was
used.

The intake tower will operate as a weir, as a weir and an orifice, or as
an orifice and a broad crested weir depending upon the reservoir water
surface elevation.

(2) Spillways A and B: The crest of the spillway channel
located at the left abutment of the main dam is at El. 886.3 feet, and
the elevation of the low point on the left abutment hillside upstream of
the dam that would function as the crest of an auxillary spillway is El.
890.1 feet according to spot elevations on the topographic maps. Both
spillway channels have relatively flat slopes in their ipper reaches,
and consequently there is a substantial backwater control of spillway
capacity. The spillway discharge rating curves were calculated using a
backwater analysis and a Manning's "n" of 0.040. The spillway A channel
becomes steep and has different hydraulic characteristics downstream
from its control section at the dam crest. This downstream reach does
not control discharge.

The minimum dam crest elevation is located approximately at main dam
Station 3+30 adjacent to the spillway A channel and is El. 895.0 feet.
Computations of the discharge rating curve for flows over the main dam
crest were made by using the weir flow formula with a weir coefficient
of C = 2.7 for the dam crest. The combined discharge rating curve data
for flows through the outlet structure conduits, in the spillways, and
over the dam crest is shown in Appendix A, under the input data listing
as Y4 and Y5 cards, and also in the computer printout.

The reservoir area-capacity curve data is shown in Appendix A. The
capacities shown, as computed by the Conic Method in the computer program,
are the active capacities at the given elevations above the tailings.
Storage of flood runoff that might be provided by the several small
peripheral ponds around the tailings deposit is not significant for
large floods and was ignored in the analyses.
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Subarea 2 - Watershed above Railroad Embankment

The drainage area of this subarea is 333 acres (0.52 square miles). The
watershed was divided into the following types of land use and vegetal
cover:

Approximate
Type of Cover Percent of Watershed

Tailings 33
Woodland (Hydrologic Soil Group B) 54
Woodland (Hydrologic Soil Group C) 13

The estimated runoff curve numbers (CN) weighted according to the above
land cover distribution are CN 57 for the antecedent moisture condition
(AMC) II condition and CN 75 for the AMC ill condition.

There are two means for flood discharge at the railroad embankment. The
railroad embankment is actually the back side of the original dam impound-
ment between Station 55+00 and 70+56 of the original dam. This embankment
would prevent flood runoff from flowing directly into the original dam
pond. A 48-inch diameter steel culvert with a steel plate and 36-inch
diameter pipe section attached at the west or downstream end passes
beneath the railroad embankment at original dam Section 58+80. A low
point in the terrain approximately 350 feet east or upstream of original
dam Station 54+00 would function as a spillway, referred to as "spillway
C" in this report, allowing flood discharge to flow northward down a
neighboring drainage channel. Flood discharge over this low point
leaves the basin and would not enter the original dam pond (subarea 3).
Discharges through the culvert and over the railroad embankment become in-
flows to the original dam. The railroad embankment profile and topographic
data for spillway C were obtained from the St. Joe State Park, Mo., May
1976, 1 inch = 100 feet scale, 2-foot contour topographic maps. lhe em-
bankment profile is presented on Plate 4E, and a cross section of spillway
C is shown on Plate 7B. Profile data for the 48-inch/36-inch diameter
culvert was obtained from field measurements made on 26 August 1979. The
culvert and spillway C are individually discussed below:

(1) 48-inch/36-inch Diameter Steel Culvert: The culvert which
passes beneath the railroad embankment is approximately 100 feet long.
The 36-inch diameter section is a short pipe attached to a steel plate
at the west end of the culvert at a much steeper slope than the 48-inch
diameter section. The inverts at the inlet end, at the transitin
between+the two sections, an at the outlet end are at El. 905.2- feet,
El. 904- feet, and El. 901.0- feet, respectively.

Depending on the inlet water surface elevation, flow in the culvert
under the railroad embankment may be controlled either by entrance condi-
tions or by the culvert capacity and may be under partial flow or full
flow conditions. The culvert may function as a 48-inch diameter pipe
flowing partially full or a combination of a 48-inch diameter pipe
flowing full with a 36-inch diameter orifice or a 36-inch diameter short
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tube at its outlet end. A discharge coefficient of C 0.72 was used
when the entrance controls and partial flow occurs. A discharge coeffi-
cient of C = 0.82 was used when the flow in the 36-inch diameter pipe is
hydraulically short, and a discharge coefficient of C = 0.60 was used
for an orifice flow condition. A loss coefficient of the pipe equivalent
to a Manning's "n" of 0.015 was used.

(2) Spillway C: A low point in the natural terrain approx-
imately 350 feet east of the railroad embankment at original dam Station
54+00 would allow flood discharge to flow from subarea 2 into the neighbor-
ing drainage north of the dam. This low point that would function a a
spillway for this subarea, designated as spillway C, is at El. 911.0- feet.
Flood discharge would pass through spillway C prior to overtopping the
railroad embankment into the original dam pond. Flow over this low
point was calculated as flow over a broad crested weir with a weir

discharge coefficient of C = 2.7.

The minimum embankment crest elevation between original dam Station
55+00 and 70+56 at which overtopping into the original dam pond could
occur is located between Station 55+00 and 57+15 and is El. 914 feet.
Computations of the discharge rating curve for flows over the railroad
embankment into the original dam pond were made by using the weir flow
formula with a weir coefficient of C = 2.7 for the embankment crest.
The combined discharge rating curve for flows through the culvert, in
spillway C, and over the embankment is shown in Appendix A, under the
input data listing on Y4 and Y5 cards, and also in the computer printout.

The area-capacity curve date is shown in Appendix A. The capacities
shown, as computed by the Conic Method in the computer program, are the
active capacities at the given elevations above the tailings.

Subarea 3 - Incremental Area Between the Railroad Embankment and the
Original Dam

The drainage area of this subarea is 72 acres (0.11 square miles). The
watershed was divided into the following types of land use:

Approximate
Type of Cover Percent of Watershed

Water 13
Tailings 87

The estimated runoff curve numbers (CN) weighted according to the above
land cover distribution are CN 80 for the antecedent moisture condition
(AMC) II condition and CN 91 for the AMC III condition.

No spillway is present at the original dam for subarea 3. The intake
structure with a 24-inch diameter steel pipe at the north leg of the dam
between original dam Station 40+00 and 41+00, which served as the feed
line to the mill, was closed when operations ceased. The reinforced con-
crete vertical outlet tower and tunnel #2 located at the west leg of the
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original dam near its intersection with the main dam is bulkheaded at the
outlet which is buried near the intersection of the two dams according to
information supplied by St. Joe Minerals Corporation. The reinforced
concrete vertical outlet tower and tunnel #1 located at the northwest
corner of the dam between original dam Station 32+00 and 33+00 was
almost completely plugged with silt at its outlet. for these analyses,
none of the outlets were considered to be functional. The original dam
profile and cross section data was developed from the St. Joe State
Park, Mo., May 1976, 1 inch = 100 feet scale, 2-foot. contour topographic
maps. This data is presented on Plates 3B, 4C, 4D, 4E, and 5.

The minimum dam crest elevation is located at original dam Station 33+60
and is El. 901.7 feet. Computations of the discharge rating curve for
flows over the original dam crest were made by using the weir flow
formula with a weir coefficient of C = 2.7 for the dam crest. The
discharge rating curve for flows over the dam crest is shown in Appendix
A, under the input data listing as Y4 and Yb cards, and also in the
computer printout.

The reservoir area-capacity curve data is shown in Appendix A. The
capacities shown, as computed by the Conic Method in the computer program,
are the active capacities at the given elevations above the tailings.

b. Experience Data. Information about precipitation at the damsite
i, given in a preliminary report entitled "Geotechnical Report - St. Joe
State Park" by Sverdrup and Parcel and Associates, Inc. of St. Louis,
Missouri. The report states that mean annual precipitation at the site
is about 42 inches, and that records for Farmingtoni indicate that average
monthly maximum precipitation which occurs in May is 4.97 inches and
minimum precipitation which occurs in December is 2.43 inches. The
report, which is included in Appendix B, also describes other hydrologic
aspects of the drainage basin including drainage, evaporation, transpira-
tion, infiltration, and percolation.

Rainfall, runoff, or other experience data fiom meacurements at the damsite
itself are not. available There is no evidence o historic overtopping
of either the main dam, the railroad embankment, or the original dam.

c. Visual Observations. The twin 8-foot by 8-foot outlet conduits
under the main dam are open and functional, and the open channel spillw~y
is located at the left abutment of the dam. The outlet conduit connecting
o,itlet tower #1 under the original dam is plugged with silt, and the
other two outlets are closed off. Specific information on the visual
observations is presented in Section 3 - Visual Inspection.

d. Overtopping Potential. The 100-year flood, probable maximum
flood (PMF), and floods expressed as percentages of the PMF were individ-
ually computed for each subarea and routed through each reservoir. The
PMF is defined as the hypothetical flood event that would result from
the most severe combination of critical meteorologic and hydrologic
conditions that is reasonably possible at a particular location or
region. A 24-hour probable maximum precipitation (PMP) was used in the
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computations for the PMF inflow for the railroad embankment and the
original dam. The main dam PMF analyses utilized a 48-hour PMP. The
Modified Puls method of spillway routing was employed.

(1) Main Dam: For all cases of the outlet and spillway flood
routing, the initial level of the reservoir surface was set at El. 879.8
feet, the level of the lower inlet openings of the intake tower. Flow
in the spillway A channel at the left abutment would begin when the
water surface reached the spillway crest El. 886.3 feet. Flow over
spillway B on the left abutment hillside would begin when the water
surface reached El. 890.1 feet. Dam overtopping was considered to start
when the reservoir water surface exceeded El. 895.0 feet. It was assumed
that the spillway-embankment section would not change due to erosion as
the flood discharge occurs; therefore, the combined discharge rating
curve for flows through the outlet structure, in the spillways, and over
the dam crest is constant throughout the period of flood discharge.

Results of the overtopping analyses indicate that the intake tower with
twin 8-foot by 8-foot outlet conduits is able to pass the 100-year flood
without the reservoir reaching the spillway A crest. The studies also
indicate that the intake tower and spillways can pass about 83 percent
of the PMF without overtopping the embankment. At 83 percent of the
PMF, the combined peak outflow from the main dam is 11,550 cfs, with a
flow depth of 7.9 feet and a flow velocity of about 7.2 feet per second
at the spillway A section at the left abutment. Velocities in the
channel downstream of the crest would be greater.

A major consideration in evaluating the safety of the main dam is assess-
ing the potential for overtopping and the subsequent failure of the
embankment as the result of erosion. Erosion from flood discharge over
spillway B into the adjacent drainage will not endanger the main dam.
The spillway A channel at the left abutment of t-he dam is constructed on
top of or near bedrock as evidenced by field observations of rock outcrop-
pings in the spillway channel and based on information provided in a
preliminary geotechnical report of the St. Joe State Park by Sverdrup
and Parcel and Associates, Inc. of St. Louis, Missouri (Appendix B).
Since spillway A is composed of shallow overburden overlying bedrock,
high velocity discharges through the spillway may not lead to significant
erosion of the spillway and the effects of significant erosion may not
occur until dam overtopping begins. Based on the Corps of Engineers
Manual EM 1110-2-1601, "Hydraulic Design of Flood Control Channels", the
maximum permissible velocity for the materials found in the spillway A
channel is about 10 feet per second. Using this as a criterion, the
spillway control section can pass the PMF without significant erosion.
Overtopping would occur immediately adjacent to the spillway A channel
a. the left end of the dam at 83 percent of the PMF. Thus, a reservoir
water surface level exceeding El. 895.0 feet behind the main dam is
considered to produce the effects of significant erosion of the embank-
ment.

The results of the overtopping analyses for the main dam are reported in
Appendix A and summarized on the following page:
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(2) Railroad Embankment: Flood discharges passing through the
culvert beneath the railroad embankment and overtopping the embankment
become inflows to the original dam pond. For all cases of the culvert
and spillway flood routing above the railroad embankment, the analyses
were done using an initially empty impoundment with a bottom at El.
905.2 feet. The invert elevation at the inlet end of the 48-inch diameter
culvert is El. 905.2 feet and corresponds to this initial condition.
Flow over the low spot east of the railroad embankment at original dam
Station 51+00, spillway C, would begin when the water surface reached
El. 911.0- feet. Embankment overtopping into the original dam pond was
considered to start when the reservoir water surface exceeded El. 914
feet. It was assumed that the spillway-embankment section would not
change due to erosion as the flood discharge occurs; therefore, the
combined discharge rating curve for flows through the culvert, in the
spillway, and over the embankment is constant throughout the period of
flood discharge.

Results of the overtopping analyses indicate that the culvert is able to
pass the 100-year flood without the water surface reaching the spillway
level. The studies also indicate that the culvert and spillway can pass
about 64 percent of the PMF without overtopping the embankment. At 64
percent of the PMF, the peak outflow from the railroad embankment into
the original dam pond is 125 cfs, and the peak outflow through spillway
C into the neighboring drainage is 1451 cfs, with a flow depth of 2.5
feet and a flow velocity of about 5.8 feet per second. High velocities
such as those at 64 percent PMF peak outflow could cause significant
erosion of the spillway channel.

A major consideration in evaluating the safety of the original dam is
assessing the potential for the overtopping and the subsequent failure
of the railroad embankment as the result of erosion. Since the low
point east of the railroad embankment at original dam Station 54+00,
spillway C, is composed of erodible materials, high velocity discharges
through this area could lead to significant erosion. Based on the Corps
of Engineers Manual EM 1110-2-1601, "Hydraulic Design of Flood Control
Channels", the maximum permissible velocity for the materials found in
the spillway C section is estimated to be about four feet per second.
Using this as a criterion and based on studies at 33 percent and 40
percent of the PMF, it is estimated that spillway C can pass about 35
percent of the PMF without significant erosion. The 35 percent PMF
routed outflow through spillway C is 355 cfs, with a flow depth of 1.6
feet. The spillway would experience velocities in excess of six feet
per second during PMF conditions; however, erosion of the spillway
channel will not endanger the railroad embankment. Overtopping, which
would occur between original dam Station 55+00 and 57+15 at 64 percent
of the PMF, is considered to produce significant erosion of the embank-
ment. Thus, a water surface level exceeding El. 914 feet behind the
railroad embankment is considered to produce the effects of embankment
failure.

The results of the overtopping analyses for the railroad embankment are
reported in Appendix A and summarized on the following page:
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. Conditions that may adversely affect the
structural stability of the dam are discussed in Section 3.

b. Design and Construction Dati. No design or construction data
pertaining to the structural stability of either the original dam or the
main dam were available. Seepage and stability analyses for the original
dam and seepage analyses for the main dam comparable to the requirements
of the "Recommended Guidelines for Safety Inspection of Dams" were not
available, and the lack of this information is considered a deficiency.
These seepage and stability analyses should be performed for appropriate
loading conditions, including earthquake loads, and made a matter of
record. Stability analyses for the main dam, including analyses for
seismic conditions, were performed for the State of Missouri by Sverdrup
and Parcel and Associates, Inc. of St. Louis, Missouri. The results of
these analyses are presented in a report entitled "Tailings Dam Investiga-
tion - St. Joe State Park - Flat River, Missouri" dated January 1978
which is included in Appendix B. The stability analyses are adequate to
show that (1) the factors of safety do not meet the requirements of the
Guidelines, (2) the dam could be susceptible to liquefaction under
certain earthquake loadings, and (3) the stability of the main dam is
not adequate. Additional stability studies of the main dam should be
performed for appropriate loading conditions, including earthquake
loads, in conjunction with any evaluations made to increase the stability
of the dam, and should be made a matter of record. Attention should be
given to a more detailed study of the seismicity of the site, the response
of the dam, and the seismic parameters of the materials in conjunction
with future stability evaluations and recommendations.

c. Operating Records. Many of the appurtenant structures which
were operational when the tailings dam was active are no longer func-
tional, and most of the operating equipment was salvaged. No appurtenant
structures requiring operation exist at the dam, and no records are
known to exist.

d. Post-Construction Changes. No post-construction changes related
to the structural stability of the dam were apparent.

e. Seismic Stability. The St. Joe State Park Dam is located in
Seismic Zone 2, as defined in the Uniform Building Code. There is a
high potential for liquefaction at the dam where the embankment and
impounded materials consist of loose, saturated fine sand and silt
tailings. Slides and slope failures could occur from liquefaction of
the tailings where only a relatively thin zone of rockfill protects the
downstream face of the tailings. Some crest settlement and ravelling of
the embankment rockfill could occur during seismic shaking, because the
rockfill is in a loose state ao'd is at or near its natural angle of
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repose on the downstream face. Settlement of the tailings themselves
could occur due to densification induced by seismic shaking. The seismic
stability and liquefaction potential of the main dam is evaluated in the
report by Sverdrup and Parcel and Associates, Inc. presented in Appendix
B.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety.

(1) Main Dam: The St. Joe State Park main dam has several
deficiencies that should be corrected: (1) Above the starter dam, the
embankment was raised by an upstream construction method. From the top
of the starter dam to about El. 830 feet, the dam consists of fine sand
and silt sized lead tailings hydraulically deposited in an upstream
direction from the dam crest and faced with rockfill. Above El. 830
feet, the dam consists of finer tailings, resulting from deposition in
a downstream direction toward the dam, retained by rockfill zones built
up on the crest. The main dam consists of and retains loose, saturated
fine sand and silt tailings, and should be considered potentially un-
stable, particularly when subjected to earthquake loads. (2) Seepage
analyses comparable to the requirements of the "Recommended Guidelines
for Safety Inspection of Dams" were not available, and they should be
performed and made a matter of record. (3) The stability analyses avail-
lable for the main dam are adequate to show that (a) the factors of
safety do not meet the requirements of the Guidelines, (b) the dam could
be susceptible to liquefaction under certain earthquake loadings, and
(c) the stability of the dam is not adequate. (4) The discharge capacity
of the outlet structure and spillways was computed to be adequate to pass
about 83 percent of the Probable Maximum Flood (PMF) without overtopping
the embankment and without significant erosion of spillway A or the embank-
ment. The PMF is the flood that may be expected from the most severe
combination of critical meteorologic and hydrologic conditions that is
reasonably possible in the region. The "Recommended Guidelines for Safety
Inspection of Dams" specifies that the spillway design flood for this
dam should be the PMF. Although the hydrologic analysis shows the main
dam capable of passing 83 percent of the PMF without overtopping, there
could be significant seepage through the embankment when the water level
rises high enough above the tailings level adjacent to the dam, because
the embankment is a relatively porous structure above the tailings sur-
face. This seepage could adversely affect the stability of the dam.
Also, when the reservoir water surface level reaches about El. 894 feet,
overtopping of the ridge of the left abutment hillside between spill-
way B and the dam crest would occur. Flood runoff would pass over the left
abutment into the adjacent drainage west of the dam.

(2) Original Dam: The St. Joe State Park original dam has
several deficiencies that should be corrected: (1) The original dam,
like the main dam, retains fine sand and silt tailings, and although
the tailings behind the original dam are probably more stable than those
behind the main dam, no data was available to substantiate this. Also,
no information was available to indicate how the original dam was con-
structed. Until appropriate analyses have been done to show otherwise,
the original dam, like the main dam, should be considered potentially
unstable when subjected to earthquake loads. (2) Seepage and stability
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analyses comparable to the requirements of the "Recommended Guidelines
for Safety Inspection of Dams" were not available, and they should be
performed and made a matter of record. (3) The original dam has no
spillway to remove storm runoff from subarea 3, and all structures that
could function as outlets are either closed or plugged making them nonfunc-
tional. It was computed that the original dam can retain about 43 percent
of the PMF without overtopping. The "Recommended Guidelines for Safety
Inspection of Dams" specifies that the spillway design flood for this dam
should be the PMF. Also, the discharge capacity of the 48-inch diameter
culvert beneath the railroad embankment across the back of the pond and
the low point in the natural terrain, spillway C, which drains into a
neighboring drainage channel, was computed to be adequate to pass about
64 percent of the PMF without overtopping the railroad embankment into
the original dam pond.

b. Adequacy of Information. No design or construction data were
available for the original dam except for two design drawings of the out-
let towers and tunnels which gave incomplete information. A technical
article describing construction of the main dam and operation of the tail-
ings impoundment was available and is presented in Appendix B. Seepage
and stability analyses for the original dam and seepage analyses for the
main dam comparable to the requirements of the "Recommended Guidelines for
Safety Inspection of Dams" were not available, and the lack of this data
is considered a deficiency. The stability analyses available for the
main dam, the results of which are presented in a report entitled "Tail-
ings Dam Investigation - St. Joe State Park - Flat River, Missouri" by
Sverdrup and Parcel and Associates, Inc. of St. Louis, Missouri and
included in Appendix B, are adequate to show that (1) the factors of
safety do not meet the requirements of the Guidelines, (2) the dam could
be susceptible to liquefaction under certain earthquake loadings, and
(3) the stability of the dam is not adequate.

The data obtained from available topographic maps and the visual inspec-
tions presented herein are considered adequate to support the conclusions
of this report. In addition to USGS Flat River, Mo., 1958, and Farming-
ton, Mo., 1964, 7.5 minute series, 1:24,000 scale, topographic quadrangles
with contour intervals of 20 feet, detailed topographic maps of the state
park were available. Hydrologic analyses were based on data developed
from field measurements made on the date of inspection and from the St.
Joe State Park, Mo., May 1976, 1 inch = 1000 feet scale, 10-foot contour,
and I inch 1 100 feet scale, 2-foot contour topographic maps prepared for
the Missouri Department of Natural Resources, Division of Parks and Re-
creation by Western Air Maps, Inc. of Lenexa, Kansas. Elevations of
apputtenant structures described in this report and shown on the plates
were obtained either directly from the topographic maps or by hand level
measurements during the inspection and referencing to topographic con-
tours and spot elevations on the topographic maps. The available topo-
graphic data was considered to be adequate such that a survey of the dam
was not required. The data described above is considered to be adequate
for the Phase I inspection.
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c. Urgency.

(1) Main Dam: The Phase I inspection indicated apparent defi-
ciencies in the condition of the main dam. Seepage analyses, measures
to increase the spillway capacity and/or freeboard of the dam to safely
pass the PMF, and an evaluation to determine how the stability of the
dam can be increased to meet the requirements of the "Recommended Guide-
lines for Safety Inspection of Dams" should be given priority.

(2) Original Dam: The Phase I inspection indicated apparent
deficiencies in the condition of the original dam. Seepage and stabil-
ity analyses, and measures to increase the storage capacity of the dam
to safely retain the PMF, or to provide an outlet or spillway with ade-
quate erosion protection to safely pass the PMF should be given priority.

d. Necessity for Phase II. The Phase I investigation raises serious
questions relating to the stability and safety of the main and original
dams, and additional investigations are recommended as outlined in Section
7.2.a (1), (2) and (3), and 7.2.b (1), (3), (4) and (5). However, no
Phase II investigation is required.

7.2 REMEDIAL MEASURES

The following remedial measures are recomnended:

a. Main Dam.

(1) Spillways: The discharge capacity of the outlet structure
and spillways was computed to be adequate to pass about 83 percent of
the PMF without overtopping the embankment and without significant ero-
sion of spillway A or the embankment. To comply with the "Recommended
Guidelines for Safety Inspection of Dams" for a dam of this size and
hazard potential, the capacity of spillway A should be increased and/or
freeboard increased so that the PMF can be passed without overtopping
the dam crest and without significant erosion of spillway A or the
embankment.

Freeboard would have to be increased very little and would only have to
be increased at the left end of the dam between the spillway A channel
and main dam Station 6+43 to meet this requirement. If additional free-
board is provided to meet the PMF requirement, it is recommended that
this freeboard also be provided in the area along the east side of the
approach section of the spillway A channel between the channel entrance
and the dam crest. This would keep the spillway channel upstream of
the dam separated from the impoundment during periods of large flood
runoff. It is also recommended that large rock be placed at the entrance
to the spillway A channel for erosion protection and that the dense
brush and trees growing in front of the channel entrance be cleared so
that flow into the spillway channel is unobstructed.

Additional freeboard should also be provided along the ridge of the left
abutment hillside between spillway B and the dam crest. This will pre-

- 38 -



vent flows in spillways A and B from combining during large flood runoffs
and passing over the ridge of the abutment into the adjacent drainage
west of the dam. An evaluation should be made of the effects of flood run-
off which would pass through spillway B into the adjacent drainage west
of the dam. The results of this evaluation should determine whether this
low point in the terrain of the leftlabutment hillside should be allowed
to function as a spillway or should be filled in to prevent flood runoff
from entering the adjacent drainage. Elimination of spillway B would
necessitate a re-evaluation of the hydraulic and hydrologic analyses of
subarea 1.

(2) Seepage Analyses: Seepage analyses should be performed by
a professional engineer experienced in the design and construction of
tailings dams. The embankment is a relatively porous structure above
the tailings surface. If the water level were to rise high enough above
the tailings surface adjacent to the dam, there could be significant
seepage through the embankment which could adversely affect the stability
of the dam. Also, above the crest of the starter dam, a relatively thin
veneer of rock is all that is protecting the downstream slope of the tail-
ings, and the fine sand and silt tailings could have a low resistance to
erosion and piping. If the water level were to rise high enough behind
the dam, seepage through the tailings could cause piping of tailings through
the thin downstream rockfill zone which could adversely affect the stabil-
ity of the dam. Included in these analyses, therefore, seepage computa-
tions should be performed with the reservoir water surface set at the
top of the dam, or at the maximum pool (PMF) level if freeboard will be
increased so that the dam will pass the PMF without overtopping. Reme-
dial measures to the main dam should be based on the results of the
seepage studies and should be done under the direction of a professional
engineer experienced in tailings dam design and construction.

(3) Stability Analyses: An evaluation should be made to deter-
mine feasible and economical measures to increase the stability of the
dam to meet the requirements of the "Recommended Guidelines for Safety
Inspection of Dams". Additional stability studies of the main dam should
be performed by a professional engineer experienced in the design and
construction of tailings dams in conjunction with this evaluation. Atten-
tion should be given to a more detailed study of the seismicity of the
site, the response of the dam, and the seismic parameters of the materials
in conjunction with additional stability evaluations and recommendations.
Stability criteria which will dictate the feasibility and economics of
increasing the stability of the dam is dependent upon an accurate eval-
uation of the seismicity of the site. Remedial measures to the main dam
should be based on the results of this evaluation and additional stabil-
ity studies and should be done under the direction of a professional
engineer experienced in tailings dam design and construction.

(4) Inspection and Maintenance Program: An inspection and
maintenance program should be initiated. Periodic inspections should be
made by qualified personnel to observe the performance of the dam, out-
let structure, and spillways. Observations should include indications
of instability, such as cracks in the embankment, sloughing, erosion,
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sudden settlement, or an increase in the volume or turbidity of seep-
age. Records of these inspections should be maintained, and all main-
tenance and remedial measures made to the dam, outlet structure, and
spillways should be documented.

b. Original Dam.

(1) Overflow Provisions: The existing original dam was com-
puted to be capable of retaining about 43 percent of the PMF without
overtopping at its minimum dam crest El. 901.7 feet at Station 33+60.
To comply with the "Recommended Guidelines for Safety Inspection of Dams"
for a dam of this size and hazard potential, freeboard should be increased
to provide greater storage capacity so that the dam is capable of safely
retaining the PMF, or an outlet or a spillway should be provided so that
the PMF can be passed without overtopping the dam crest and without sig-
nificant erosion of the spillway or embankment.

Several possible alternatives exist to satisfy the PMF requirement. Out-
let tower and tunnel #1 can be cleaned out to provide the original dam
with a functional outlet. Adequate erosion protection should be provided
at the inlet to the intake tower and at the outlet end of the outlet con-
duit to prevent future erosion and siltation. Lowering of the inlet
opening of the intake tower and/or removal of flashboards should be in-
vestigated since the estimated level at the top of the flashboards cover-
ing the inlet opening at the time of inspection was El. 901.0+ feet, less
than a foot below the minimum dam crest (Photograph 14). If not buried
too deeply in the dam, the outlet of outlet tower and tunnel #2 could be
uncovered, and the bulkheaded outlet could be opened to provide the dam
with another functional outlet. Adequate erosion protection should be
provided at the inlet to the intake tower and at the outlet end of the
outlet conduit to prevent erosion and siltation. If either outlet tower
and tunnel is made functional so that the dam can safely pass the PMF
without overtopping, its structural integrity should be verified.

Another possible alternative is to cut a channel through the embankment
separating the original dam impoundment, subarea 3, and the main dam
impoundment, allowing flood runoff that would otherwise have to be retained
or passed by the original dam to flow into subarea 1 and through the out-
let structure and spillways of the main dam. This, of course, would
change the hydrologic characteristics of subarea 1 requiring a re-eval-
uation of the hydraulic and hydrologic analyses and may require additional
capacity of spillway A and/or freeboard at the main dam. Adequate ero-
sion protection should be provided in this channel joining the two im-
poundments.

An increase in freeboard can be provided as another alternative so that
the dam is capable of safely retaining the PMF without overtopping. An
increase in freeboard must be considered in seepage and stability analy-
ses as described in Section 7.2.b.(3).
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Any one or a combination of these remedial measures may be taken so that
the original dam is capable of safely retaining or passing the PMF with-
out overtopping and without significant erosion. An evaluation should
be made to determine which one or combination of measures will best meet
the requirements. Additional hydraulic and hydrologic investigations
are necessary to make this evaluation. These investigations and remedial
measures to the original dam based on these investigations should be done
under the direction of a professional engineer experienced in the design
and construction of tailings dams.

(2) 48-inch/36-inch Diameter Culvert Erosion Protection: Reme-
dial work should be addressed to providing erosion protection at the in-
let and outlet ends of the culvert which passes beneath the railroad
embankment along the back of the original dam pond at original dam Station
58+80. The erosion protection should be adequate to prevent erosion of
the tailings and siltation at the inlet and undermining of the outlet.

(3) Spillway C: An evaluation should be made of the effects of
flood runoff which would pass over the low point in the natural terrain,
spillway C, into the neighboring drainage north of the dam and avoid enter-
ing the original dam pond. The results of this evaluation should determine
whether this low point east of the railroad embankment at original dam
Station 54+00 should be allowed to function as a spillway or should be
filled in to prevent flood runoff from entering the neighboring drainage.
Elimination of spillway C would necessitate a re-evaluation of the hydraulic
and hydrologic analyses of subareas 2 and 3.

(4) Railroad Embankment: The discharge capacity of the culvert
and spillway C was computed to be adequate to pass about 64 percent of
the PMF without overtopping the railroad embankment into the original dam
pond. Additional freeboard should be provided along the railroad embank-
ment to prevent overtopping and subsequent failure by erosion which might
cause a sudden release of water into the original dam pond and overtopping
of the original dam. An alternative to this would be to increase the
capacity of spillway C if it is determined that this low point upstream
of the railroad embankment can be utilized as a spillway to discharge
flood runoff into the neighboring drainage north of the dam. Adequate
erosion protection should be provided in the spillway C channel, espe-
cially in the areas where erosion of the spillway could extend to the
original dam. Another alternative would be to remove a portion of the
railroad embankment across the back of the original dam pond to elimi-
nate the storage effect of the embankment above the original dam. Ade-
quate erosion protection should be provided in any channel cut through
the railroad embankment to prevent the deposit of eroded materials into
the original dam pond. A re-evaluation of the hydraulic and hydrologic
analyses of subareas 2 and 3 should be done in conjunction with an eval-
uation of the above alternatives. These investigations and remedial
measures to the railroad embankment based on these investigations should
be done under the direction of a professional engineer experienced in
the design and construction of tailings dams.

- 41 -



(5) Seepage and Stability Analyses: Seepage and stability ana-
lyses should be performed by a professional engineer experienced in the
design and construction of tailings dams. Included in these analyses,
computations should be performed with the reservoir water surface set at
the top of the dam. If freeboard will be increased so that the dam will
retain the PMF without overtopping, the analyses should be performed with
the reservoir water surface set at the maximum pool (PMF) level, and the
added embankment height should be considered in the stability analysis.

The necessary data for these analyses would be obtained from additional
investigations. The investigations should consist of subsurface explora-
tion and soil sampling and a laboratory testing program to obtain the
necessary engineering parameters of the dam and foundation materials.
These parameters should be used in an engineering study to evaluate the
stability and liquefaction potential of the dam. Concurrent with the
exploratory work, groundwater monitoring wells should be installed in
the drill holes to obtain water level data that would be used in the
stability studies. Remedial measures to the original dam should be based
on the results of the stability studies and should be done under the
direction of a professional engineer experienced in tailings dam design
and construction.

(6) Inspection and Maintenance Program: An inspection and
maintenance program should be initiated. Periodic inspections should
be made by qualified personnel to observe the performance of the dam.
Observations should include indications of instability, such as cracks
in the embankment, sloughing, erosion, sudden settlement, or evidence
of seepage. Records of these inspections should be maintained, and all
maintenance and remedial measures made to the dam should be documented.

-42 -



APPENDIX A

HYDROLOGIC AND HYDRAULIC ANALYSES
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APPENDIX A

HYDROLOGIC AND HYDRAULIC ANALYSES

The hydrologic and hydraulic analyses were accomplished by using the com-
puter program "Flood Hydrograph Package, HEC-1, Dam Safety Investigations
Version, July 1978". This program was developed by the Hydrologic Engi-
neering Center, U.S. Army Corps of Engineers, Davis, California. The
criteria and methodology used are briefly discussed below:

0 Probable Maximum Precipitation (PMP) - The 24-hour and 48-hour
PMP was obtained from Hydrometeorological Report No. 33. The
6-hour and the 1-hour depth-duration distributions followed
Corps of Engineers EM 1110-2-1411 criteria.

100-year and/or 10-year storms - The 24-hour storm amounts and
distributions were supplied by Corps of Engineers, St. Louis
District, Missouri.

* Unit Hydrograph - The Soil Conservation Service (SCS) curve-
linear unit hydrograph method was used. Basin lag time was
computed by using the SCS Curve Number Method and equation.

* Hydrologic Soil Group, Antecedent Moisture Condition (AMC) and
Curve Number (CN) - The hydrologic soil groups for the water-
shed were obtained from soil survey field sheets of St. Francois
County, Missouri prepared by the U.S. Department of Agriculture
Soil Conservation Service. For the PMF and floods expressed as
a percent of PMF, AMC III conditions were used. For the 100-
year and/or 10-year floods, AMC II conditions were assumed.
Watershed CN was estimated from field observations and from
aerial photos.

0 Reservoir Area-Capacity - Areas were measured from the St. Joe
State Park, Mo., May 1976, 1 inch = 1000 feet scale, 10-foot
contour topographic map. Reservoir elevations and correspond-
ing surface areas were input in the computer program, which
determined the reservoir capacities by the Conic Method.

* Reservoir and Spillway Flood Routing - The Modified Puls Method
was used for all flood routing through spillway and dam over-
topping analyses.

The following pages present the input data listing, the computer pro-
gram version and its last modification date, together with pertinent
computer printouts of results. Definitions of all input and output
variable names are presented in the computer program "Users Manual",
September 1978, and are not explained herein.
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Tailings Dam and Environs, by J. H. Williams, 1 March
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Tailings Dam Investigation - St. Joe State Park - Flat
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Technical Publication No. 2176
C.las A. M ning Tch1nolgy, 1947

DItCt 'S]P)N (F [itS IPAPIt I I II. 1 j 11 b:.1I I- f,. r ,1 1. ':. I 0- 0 't t , I'
t th N. N Nt." r,, 

,
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5  
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'11tis article uiniarjzt, lie succc-ful dcnliaid. 'IHit f,dlti itg "act, al,,out tl,
Incorporation of a flash-lhnidit gtrcam l)avi, ('re.k %Naterhel explaii the 16-ycar

into the tailing-dispiisal syStSe : at the" rciuctatct 1,, reach these, and other,

St J,-cplh Liead ('Omlany's l-cdcral .uilcft,

I)iisio mill. iI St FraIi cois (' t ii ,t%
nli .',t ar: %: ,c .ro: a0;r[C

Ilh' mitlt a- larihst I~o0. Ii" the
Ih( 11 ;Lrrt'St (hll(Tfll, 'll"

Federal Lcad (o . a, its No. j mill for I ,II( a gr',11\ 1,,tl hil l.:o 1,\ili tI1 , . .i

the (,cd i iitrt ail of s::uth'astefrnl * issu'uri Rehcf 7,o Juii itm lm If l 1t 5, [l nIrllx:nlitiu
lead ,,e. and damming lDa\'i C'reek %lamimtII rainfall 3 3(1 M per 1;,-w

Aas first sisder(ccl in iO310 Plans .%t-r( Permuan:enit nater noti,:l natural N(-\' 220C

naril a],li ill i12 S  antI ii 1iQ,7 I )anli gpIn di ch .rg'u td lrough 1i-in, drill hole frimn

la '-uIS varied from a reinforced concrete mine punps iundirground

structurc to a barrier built of tailing, t;e(l,,gy the I7 aCres, near dam ccnterlin .

alone. All %%ere abandoned because of lBhnne Terre dolomite civered with sand a:,,I

liability that would be incurred by flash- gravel eroded from l'leistocen: ieds that tai
soeni of the hill. The remainder oif the po-1

flood rupturing of an incompleted dam. basin is oi l as'i, shale
Bv nQ42 mill capacity had reached Soil c,,vtr: mostl sccond-gru'wih timb~er \IiIh

i:.ooo tons daily and increasing tailing- sonic abando'd fields, all subject to Careles-

disposal costs again focused attention ont burning, whi h reduce, water-retaini:n

the )avis Creek basin. abfility
This time the problem of riskless lam lood histor\ flash ill-iding that had take:,

building was solved. Morciver, most at least one lie

of the items that appeared in the answer Iow nstrea ov al des t)ra ilr' 'ad I)rid gesteforc
Were materials that normally requircd creek intersection %\ith Flat River. Immedi

were a tcrals tat nomallyretiui red aiy tl blow\ coni t-ciie. a hiigh\wax' br.idge.
\wasting and the major portion of labor loe -. oter conr' u'eg. af ' hSihway est ait is

involved performed functions that it would ments and several lo( k f rciidences

normallv have done without cinstructi\C
Inefit. elsewhere. 'The new layout also In July ,042 tOW fllOWitig si'gCt.ill
made possible advantageous changes i1 of an ingenious plan was put into (vleratiT:
mill-water supply pumping, static head A ditch 1 ft long. 16 ft %iilc ill,!

being reduced from 514 ft to o5 ft, friction 0,; ft deep \\as .\xavatcd I-, lwr,,I(

head from 4000 ft to 286o ft, and puming in the gravelly soil along the pr-ce
can be (lone now at periods of low power dain's ceter1inc This IS ea' at ii %\ hit l

Manuscrpt received at the ,,ffic tf the exposed ntany gravel-filled channcl, wa,
institute Nlay 9. 104. run full of slimes drawn from a ricr set

* St. Joseph Lead (Co.. Blonn,. Terre, NI' -souoh, in the top of an adjace tailings-disposal

Copyright. 1947, 11y the A tier a n Insttuti 'I St tiR ard Met.1thrget- I gni.v,'3 r. In:

Prnted mn USA

Printed with-it author's (orrcto n., S ib'-t It,. r, 5: -u:i
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N1. N. DUNIAI'

liot. Sod and debris were rooted from the would not only permit a rapid , sape for
residual clay that covered the remainder any impounded flood waters, but that
of the centerlinc. static head and velocity would drop so

A grizzly, with 2-in. opening, was rapi(lly within the mass that little or no

I°" 
I -I

U,,. ':,s ,. 4.oos,-.'8
ottCCf,"IC pOIdjan a U 'r"

FiC; 4"-GENERAL PLAN, DAVIS CREEK OVERFLO.-.

placed in the bin at No. 12 waste-rock rolling or washing action \%oul lie presentshaft and the plus 2-in. stone was hauled at the fill's downs1ream toe. A year's

in dump trucks to the west end of the rains proved the sounrines';of this reasoning.
dain centcrline, where it was used to Scaling of the dam, which could be
make a level fill. at 7W7 elevation, 12 ft done whenever convenient, was delayed
wide on top and s5o ft long. Maximum until the recovery-water tunnel and part
height was 36 ft and 24,600 CU Yd Of of the overflow structure were concreted,
material was required. Round-trip hauling but will be described no%% for continuity.
was i , miles. Minlus 2-in. material was now dumped

It was the theory that the high p~er- over the upstream side of the fill until all
centage of voids in the screened stone coarse rock was burit. This filler material

B-5



6It j)\\|I (RI 1.K Il\I

was it) turn ,)verd with jig (hat ,nm ch' \i-, mad, from i . rt. 'Ili bottom-
an old tailing pile. '[his SCqueJt'I ' Crt('attd 'If t 'Il,'" trillmd l'-g, rcs pn ieces )I
a void size that increased h% i, tr2i rut, h. In luiilcr anl straddhi the io iv

thus ensuring a rapid dc'rea.. in -ii t i'fal pic at approxiniately 4 0-f1 intervaL-.

"

Fir, 5--EQIPIYHNT AND Ml I'l 11 I IN VIAI5,IN 111 SN FOR DAM BV'ILDING

head for any leakage. A tiqw In) w- Y liv Ini -Is raised to full height lbY i r)grt:
then laid from the mill and, beginnitg sively lifting nith i ,-tot chain hoists.
at the east end of the dan a Iah tails nhire it is fa ItCed to the clevis with all
were l)umpetd (using clear a tter t I,, Sft piece of 3 s-in. chain equippled with
grade against the chat. The Ine ia, a boouk on one end
advanced westward until the entire siuth Halr inch holes are then Iburned at
dam face was covered. Front this stag 8-It intervals in the pipe hbottom and
dam raising was continued to 8..; elevat ioi covered \%ith hands made frm ' , by - ill.

east and 825 elevation west i"v the rnetho mili-steel straps, to which are riveted
developed by the Federal Mill lrganizati,n linings ripped front wornout convevor
Approximate quantities of pumped mate belting. The use of i by 6-in. bolts at
rials are: 13,oo cu yd of table tails antI the opening in these hands leaves a gap
263,oo cu yd of complete tails. that permits the insertion of two opposing

Most of the equipment used for dam wedges made from 2 by 4-in. oak.
raising at the Federal Division is shown In operation the line is filled 1ith
in Fig 5. The tripods are made by bolting water and Iced is put on, then the tailings-
three pieces of 2-in. pipe or discarded disposal man, by loosening wedges, slips
io-ft diamond-drill A-rods together with a the bands from as many holes as can

by xo-in. bolt and inserting a to-in, be operated without washing. lols

3-6
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IIt 7-\*'1-5 TAKr. FRSOM OVERFLOW\ STRUCTURF.
Pumphouse in foreground, mill in the distance.

near tripods arc not usually run until height, the top was shaped ijob, a road
the pipe has been supported by filling bed by a bulldozer and surfaced with
at mid-positions. When tailings have minUs 2-ill. material, both to provide
filled to the pipe the bands are slipped traction and to prevent 'ashing and
over the holes and tightened by hamcicing wind erosion. The steep northern slope
the wedges. Was faced wjib plus 2-ill. rock to control

If filling is desired on only one side washing and blowing
of a line a dam is thrown up with a small For overflow and water-recovery pur-
gasoline crawler-type crane. poses a ditch Soo ft long. 24 ft wide and.

When the dam fill reached the required at one point. 30 ft deep was cut through
the knoll at the west end of the dam.
Some of the spoil was moved with a
scraper hoist. Ihorrowed frorn the mining
dcpartmclt. some % ith a bulldozer. but
the greater portion was loaded into trucks
by Kes-stone Skimmer shovels and used
for fill abo~c the Soo-ft ehvation. Ditching,
batkslopitig and the notching for the
o'v(rflmi itruecluro amouted to 14,00 cu

y.d in the solid.
The overtiow structore, which is really

a comlbination bridge, niill-%water-supplv

intake an] Iond -leel-control device, is
45 ft high and required 400 cu yd of

* heavily reinforced concrele. The plan
calls for lifting the bridge tloor and filling
the hollow central portionu with waste
rock, after a semipermantcut water level

* is estahliAshed and the side sections Ict weeii
G V -- RFOSRtJoctR CONcRI T A COMIFNATION piers are concreted to the proper height.OVERP LOW STIRUCTURFII., BRIDCI AND P ,fCO\ FIN'

WATER INTAIE The iottoin of the recovery-water intake
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i,; connected t4, lilt. pl ipml t c Y - f t

of culIvert riad. l pollrin g coii rtt

;ir"uld 24-in. drain t Ii

'The 1 umih,cus i , .im-, bil! ,I rein
forced concrete. It i, 21 hV 2; ft i I h

ai 8 by 14-ft 1ay on the outh .sidt. for th.'

i hctetrical control atls. The thrc...oo kv' i
trilisforiners, which ltep down tic 'j'w r

for the tWo 200c21 .hp. >0-gll pump-, arc

on the roof.

Thesc It%\wo punmi- arc cotinett'dI1,

separate 14-il (irst-irOn PiPe 11w1 . ( 01

lint- dist harges through a concrete Ili'lkhvad

built in the former No. 2 oVCrtltM tu)jt'I

of the old slime pontd, front which \\atcr

flows by gravity into th. mill' the other In; o Hl %'.I w- Al) 1. It nIO-S

ConInectIs with an cxis ting 1 -in line from "'ransfornwer, are 2o-ki ' hie punips ar.
No. tunellnl (1200 ft from ilp mill), i0t oo gpm driven b\ ,mo-hi' mljt.rt,.

flo% is directeil by a butterfly valve, cither , Ditching. w ttig, extra hauling

to the mill or to the old slime ,mnd. Th- aid e|uipittltlit (st', \Nill ie ttflyet 1\
No. t line is 1460o ft to the tunnel Itcr- wr saved in mill- atcr-tupply pumnping.

section; the No. 2 line is too ft longer t'hich i, now b'n-g dnie at reduced heads

Summarizing the advantages to thc during pwriods of lowcr power demand.
Federal mill: 3. The o .-2-acre tailing pond has aw

i. The dam cal be 'onsidered to be und'r\katler Volume ol 73,545,500 Cubic

practically without cost because mos feet.
materials used had to Ibe wasted, and 4 Maximum length of tailings-disposal

most of the labor involved would have iewu lines is 4900 It against a static head of

doing the %ame type of work elsewhere. 78 feet.

Fic ro-GENERAL VIEW FROM MILL-WATER se'rpi Y Am.
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P 0 BOX 500
VIBURNUM. MO 655b6

TELEPHONE 314 244 5261

September 6, 1979

Mr. Stan Kline
International Engineering Company
220 Montgomery Street
San Francisco, California 94104

Dear Stan:

When I met Jim Gray on August 28 to inspect the Davis
Creek Dam in St. Joe State Park, I came away with a list of
questions. He suggested that I send the responses to you
since he would probably be on vacation.

1) The two 18" pipes exiting near the spillway
have no known functions and could possibly
be scrap. As far as is known, they were never
used as an overflow device.

2) The low level intake at the decant tower feeds
into a 24" line controlled by a valve at the
base of the decant tower. The valve is closed,
probably to prevent tailings from washing into
the valley. This 24" line was the feed to the
pump house located in the valley to supply
water to the mill pond.

3) The 24" intake line (with flap and gate valve)
at the north end of the mill pond was the
feed line to the mill. This line was closed
when operations ceased.

4) The pump house in the valley had a 24" line
entering from the low level intake at the
decant tower. There were two 12" lines
exiting to pump water up to the mill pond.
One line ran to Tower Nc. 2 outlet tunnel where
it fastened to a bulkhead. The other ran to
Tower No. 1 outlet tunnel and through the
tunnel up to the mill pond. This tunnel was
not bulkhaded so the mill pond would have an
emergency overflow.
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ST.&OZ MI"ERALS CORPORATIOM. V18UrNUM. Mr skSiT NO. 2

Mr. Stan Kline

5) Outlet size should be the same as the top ot
Tower No. 1. The pipe was originally con-
nected to the pump house. It is unknown
which pipes, if any, were removed during
salvage.

6) Tower No. 2 outlet is buried near the inter-
section of the two dams, exact location
unknown. The end is probably still bulk-
headed.

7) Three diamond drill holes in the area 5how
the following:

a) Near spillway - 14' of overburden
(all depths are from
surface)

- 99' to Davis Shale
B.T. dolomite contact

- 46%' to B.T. dolomite -

Lamotte sand contact
b) Valley Center - 8' of overburden to B.T.

(near pump dolomite
house) - 374' to B.T. - Lamotte

contact
c) Near Old Dam - 38' of overburden

- 42' to top of B.T.
- 412' to top of Lamotte

If I can be of further assistance, please feel free to
contact me.

Sincerely,

John E. Kennedy
Director of Environmental Control
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SVEIDRUP & PAIEL AN-D ASOCIATIES, InC.
E"O LIE EHS - ARC U IT E CTS

800 N. 112T1 fOUIL.EVAIRI)

ST. LOIs, MIISSOiRI 0.3101

January 10, 1977

Team Four, Inc.
14 North Newstead
St. Louis, Missouri 63108

Attention: r. Larry Marks

Gentlemen:

Subject: Geotechnical Report
St. Joe State Park

We have examined the tailings dam and the tailings pond

in accordance with the contract. Our analysis is based on an exam-

Ination of aerial photographs and a site visit by Dr. C. C. Chang

and G. Richters on December 14, 1976. Special attention was given

to the dam, the tailings pond and hydrology during the site recon-

naissance.

TAILINGS DAM

Initially, a tailings dam was built in 1906 east of Davis

Creek. Then in 1942, a dam was built across Davis Creek. This dam

was constructed with coarse gravel and boulders keyed into bedrock

and made impervious by filling the voids with the tailings. The Davis

Creek Dam was constructed to be impervious to Elevation 792. Crushed

rock grading from 2 inches to 28 inches was used for stability and

tailings were used to make it impervious as shown on the attached

sketch.
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Team Four, Inc. January 10, 1977
Page 2

Above Elevation 7921 the tailings were used to build up

the dam and the rock was placed on the tailings face to prevent it

from eroding. The tailings wtere directed to flow upstream of Davis

Creek to increase dam thickness. Coarse crushed rock was built up

to form a retaining structure for the tailings and water; and sub-

sequently, the tailings were discharged at the headwaters of Davis

Creek. In this manner, the coarser tailings consisting of sand-size

particles were deposited at the dam to Ele ation 830; while above

Elevation 830, the fine particle3 of silt and clay size must have

been deposited.

Our observations from field reconnaissance and examination

of aerial photographs of the tailings dam across the Davis Creek

indicate it to be stable under static conditions; that is, exclusive

of seismic conditions. The rock has been placed at a very steep

@lope of 1-I/4 horizontal to I vertical, and local surface sloughing

'ass noted. Because of the loose nature of the rocks on this steep

slope, we would strongly recommend that the public be kept off the

Davis Creek Dam. On the other hand, the initial tailings dam has

stabilized and no surface sloughing has occurred lately.

SPILLWAY

There is a concrete spillway on the west end of the

tailings daj, The intake height hai been increased as the tailings

deposit rose while the ponds were in operation. The structure of

this spillway and its outlet control device are all in good condition.
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Team Four, Inc. January 10, 1977
Page 3

The outlet structure is composed of twin 8 ft by 8 ft concrete

conduits and a 30-inch diameter steel pipe with inlet controls.

The outflow then proceeds to two 5-ft diameter culverts under a

dirt road to be deposited in Shaw Branch. These culverts are in

good condition.

There is an emergency 3pillway resting on top of the

bedrock at the extreme west end of the tailings dam, This spillway

makes a sharp turn to the east in order that the flow, when this

emergency spillway is in use, will Join the west fork of Shaw Branch.

The spillway and the e-ergency spillways are in excellent

condition, and no repair work will be necessary. If at some time

it would be desirable to discharge water in this area, the erosion

problem should be studied.

TAILINGS POND AREA

The tailings, resulting from the lead ore extraction

process, were pumped into the tailings pond to settle out. The

tailings deposits are similar to natural deposition where the

coarse material settles out in faster moving water and finer par-

ticles in slovi moving water. This was confirmed by our observations

that sand-size coarse particles .ere deposited around the discharge

pipes while silt- and clay-size particles were deposited at the

extremities near the present la'es and the dam.

The sand-size particle:- depotied in fast moving water

have been deposited in a dense staLe'while the fine particles have
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Team Four, Inc. January 10, 1977
Page 4

been deposited in a very loose state of near-liquid consistency.

Since the mining operations have ceased,,a crust due to dessication

has formed on the surface of the pond which can support vehicles.

However, the crust over the fine grained material is relatively

thin (may be as thin as 6 inches) and vehicles have broken through

near the lakes. Cracks due to d.ssication and settlement were

noted near the Davis Creek Dam. From the nine hand-auger borings

and visual observations, we feel that considerable problems will

occur in areas of repetitive vehicle traffic. Any utilities con-

structed in the lov areas in tailings will undergo variable settle-

ment and could introduce undesirable stresses in the utilities.

Our recommendation Is to develop areas in coarse sandy

areas as outlined on the attached contour drawings. However, for

the final design, these areas must be further investigated.

We feel that a small dam can be constructed on the

tailings providing the design includes flexibility, self-healing

features, and considerable settlement. These considerations v;o,.ld

insure the integrity of the dam.

HYDROLOGY

JPrecipitation

.ean annual precipitation at the project site is about

42 Inches. E.uch of the precipitation comes during the fall, winter,

and early sorIng months. Records for Farmington indicate the

avera-e ronthnly maximLu precipitation occurs in 1.1ay Nvith /,.97 inches

and the minir,.m occurs in Decerc-r v;ith 2.43 inclhes.
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Tea= Foar, Inc. January 10, 1977
Page 5

Snow has been known to fall as early as October, and as

late as May. Yost of it falls,, however, in December, January, and

February. The average snowfall is about 10 to 14 inches.

Winter precipitation usually is in the form of rain or

snow, or both. Conditions sometimes are on the border between

rain and snow; and in these situations, freezing drizzle or freezing

rain occurs.

Spring, summer, and early fall precipitation comes largely

in the form of showers or thunderstorms. Thunderstorms are most

frequent from April to July.

Drainage

The drainage area above the tailings dam is about 6

square miles which in turn is divided into many subdrainage areas

for each individual intermittent stream. The runoff over the

drainage area is derived from the precipitation and drained through

or via the tailings dam into Shaw Branch of Flat River. Precipita-

tion runoff records were not readily available for an imaediate analysis;

ho.ever, we estimated that about 35 percent of annual average precipita-

tion becomes runoff or about 15 inches anual runoff.

The tailings pond is formed from many slurry discharge

locations where the slurry was released at various points in time

alon. the ponds. Because the mLning operation has been inoperative

for cuite some time, the tailings pond is essentially free of water.

Quite a fea: lakes were formed at the. edges of the tailings ponds.

B-16



.". 11 . .7" ' " '.'"

Team Four, Inc. January 10, 1977
Page 6

These lakes are fei by the intermittent streams and possibly by

springs. Their bottoms are composed of tailings sediments which

make water retention possible. It is anticipated that these lakes

grow in size during the wet season and shrink in dry spells. One

small lake was observed as not able to retain water on a permanent

basis because the bottom is composed of porous rock. This particular

lake bottom and others like it may be treated to retain water if

preservation of this lake is warrant d.

Evaporation - Transpiration

Part of the runoff will be evaporated into the atmosphere

or transpired by growing vegetation. The rate of evaporation could

be evaluated as part of the lake design. The total rate of evapo-

transpiration cannot be estimated until a landscape plan is made

denoting each type of vegetation to be planted, the quantity of

each type, and its transpiration rate. The groundwater table is

very close to the surface in the tailings pond. Capillary action

will dra. moisture through the intergranular pores of the soil to

the surface where evaporation will take place. When precipitation

is uniformly distributed over a period of time, the moisture is

store! in the top layers of soil during the winter and spring months

when evaporation and transpiraticn are lo:; while during the summer

month3 evaporation and transpiration are higher. This will affet

the water level in the lakes.
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p nfiltration and Percolation

Part of the runoff will infiltrate into ground and join

the groundwater body which will eventually leave the tailings

deposit. To form a lake, the waterflow balance must be achieved.

If the percolation from the lake is greater than the replenish

water inflow during a period of time, this lake vrill dry out within

that period. Because the tailings dam is permeable, groundwater

will be able to seep through to the downstream side to join the

natural drainage path.

Very truly yours,

SVERDRUP & PARCEL AND ASSOCIATES, Inc.

James A. Larson
Project Manager

Enclosures
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,,iGrNEERING GEOLOGIC REPORT ON TIE ST. JOE STATE PARK TAILINGS DAM AND ENVIRONS

ST. FRANCOIS COUNTY, MISSOURI

LOCATION: Portions of Secs. 16, 17, 18, 20, and 21, T. 36 N., R. 5 E., Flat
River and Farmington Quadrangles.

GEOLOGIC SUITABILITY: For lake development,pooz.

GEOLOGIC SETTING:

The characteristics of the tailings dam and pond have been outlined in a re-
port furnished by Messrs. Chang and R-ichters, Sverdrup and Parcell and Assoc. in

a letter dated 10 January 1977 addressed to Team Four Inc, of St. Louis, MO. They
expressed no concern as to the soundness of the dam but only under static condi-
tions.

The tailings are mainly silt and sand size dolomite particles. A drive tube
sample of surface tailings collected near the principal spillway on 9 February 1977

had a permeability of 4.5 x 10-6 cm/sec, or approximately 0.15 inches/day. The
unit dry weight was 88.3 pounds cubic foot. Approximately.40% of the sa-rple was
fine sand size and 60% silt size. Clay size material was not present. At depths

of one foot and greater near the dam, the tailings were wet and soft. A hand auger
could be pushed easily. With the possibility that this material is sat-:azed essen-

tially throughout the vertical thickness of the tailings ponds, there is the serious

likelihood that the deposits could cause a breach in the upper portion of the tail-
ings dam as a result of sudden acceleration due to a seismic shock. Since tJ:r Up-

per portion of the dam is only a veneer of rock over the tailings, the corbination

of these two features poses the question that a massive failure could occur and af-
fect downstream terrain.

It is unfortunate that the well built starter dam was not continued thzcuuhout
the construction of the tailings pond. The upstream method of constructir.g a tail-

ings dam is now considered an unsafe construction technique. This procedu:e was
used after completion of the starter dam. Therefore, it is likely that sott tail-

ings lie directly beneath the crest of the present dam. Verification of co:.ditionq

near the dam can be answered only by subsurface investigation. Consequently, the

initial recommendation is that at least two borings be made either on the crest on

the dam or immediately upstream of the dam on the pond surface. The intent would

be to verify the character of the tailings, that is texture, the mechanical pro-
perties, their density and strength. Obviously, other conditions such as water table,
or perched water tables, should be note&. It may well be that the sediments are too

soft for sample retrieval. This, of course, would provide one answer as to the
strength or absence thereof of the tailings and degree of saturation.

Enlargment of lakes either within the tailings area or at upstream of existing

ponds has little chance of success. There appears to be no possibility of construct-

ing a lagoon type facility within the tailings pond area. Thc water table will fluc-

tuate seasonly, it is likely that the water table gradually is lowering as the water
within the tailings pond seeps slowly into the fractured bedrock. In addition there
would be extreme difficulty in maintaining side slopes of an excavated lagoon. Dis-

posal of the excavated material would pose still another problem.
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The possibility of a successful dam built acr,.ss the tailings is too remote

co consider. A giout curtain or cutoff trench of chemical grout, bentonite or

sheet piling would be required. This would have to reach the original valley sur-

face or some 40 to 50 feet deep. Even then one could not assume water loss would

not occur into the underlying bedrock on valley slopes. Differential settlement

could be designed for but that is additional expense. The tailings are, of course,

coarser and more permeable in the upstream lakes area than near the dam. The rate

of permeability though has not been determined.

Only one lake in the upstream area appears to have any possibility of enlarge-

ment. This lake at elevation 913 feet is iocated in the NW , SEJ*, Sec. 20. Here

it is suggested that the water level could be raised at least 5 feet. This would

require a dam of some 12-15 feet in height with the associated development of an

adequate spillway. It may be necessary even here that a total or partial under-

seepage cutoff will be needed as the water level is raised. Consequently, it is

suggested that the exploration drilling program at the main dam also inc ude at

least two holes in this area to make some estimate as to the possibility of succes4

in raising lake water level at this location.

Another upstream lake was examined in Srs, NrWr, Sc. 21. However, there is

little likelihiod of enlargement success at this location. *A cave exists immediate-

ly downstream on the left valley slope. This is somewhat unusual for this bedrock

formation to have a solution enlarged feature of this magnitude. However, it is

of interest to note that only a short distance to the southeast, catastiophic sink-

hole collapses have occurred. At least 20 collapses have been recorded in Farming-

ton, all of course in the same bedrock formation as at the St. Joe State Park.

SUMMARY:

From a geologic aspect, there appears to be little possibility of a creation

of one or more large water impoundments at the St. Joe Park. One lake located in

the NW%, SE, Sec. 20 has some features which would indicate the water line could
be raised perhaps 5 feet.

A serious question exists as to the safety of the main dam in the event of an
earthquake. Thus, it is urged that exploration be planned both to verify the sta-
bility of this dam as well as to consider the possible enlargement of the lake lo-
cated in Sec. 20. Lastly, it is suggested that if the dam appears to be a risky
proposition in the event of an earthquake, one should consider the extent of poten-

tial do:wnstream damage. It may well be that a portion of the dam could be breached
or dewatered by drains. If that expense is burdensome, the area downstream could
perhaps be zoned to prevent occupancy so that if a failure should occur, loss of

life or severe property damage would not be a consequence. The sediment type, sntura-

tion, and dam characteristics combine to form an extremely sensitive structure re-

lative to possible earthquake damage. An early assessment of this is needed before
.other plans are formalized.

D~'1 r. J, Hadley Williams, chief
Applied Enginering & "rban Geology
Geology & Land Survey

March 1, 1977,

orig: Ken Otke

cc: Austin Tao
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Compaction Test Determination Sheet

soil Sample 7 1,4 I/ N; - Test No. -"- /2
,.Ap/L.W.- t1. ," Date _______/_77

'0 ,.. Tested by " .-,,. - /"( '(

Laot,on 4'r-" /_-. "-S$ Test type .

Sample No. ---- ..- ,,,< Mold .

Specific Gravity Weight "1I4; q, / - 5

Run No. . 2 _ _ _ _ ____ _ _ _ _

wt. Mold,/ 0_,
+ Soil

Wt. Mold lbs. /- , q .. ..

Wt Camp. Soil .9 /
We Oi t, '__,__ ____s />. :q:.

in Ib /ft
5  

_ _ ___ -,

Dry Density / 7, 0
I I t_ Cd .. .... . .

Void Ratio e

Porosity h

"/. . -6 dr %~.o..,. oJ

WnLe L nt fl _ _.

Run No c" 4__
Container No. /AJ- __ _ _

Cont. + Wet
Soil in gms.. . ..

Wt. Container +
Drx sail gins ,0 . ..

Wt Water f t/ ,
9ms W. .. ..

Wt. Container /d' __'
gms.

Wt Dry Soilg, w 70. qJ
Water Content

W"/, ..__ _ __ _ _ __ _ __ _ _ __ _ __ _ _

Dercent Soturotion
W fCd W 'd

S 100% S 80%
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.J,,. lLAL SURVEY AND WATER RESOURCIS

,. 7i -~ PERMEABILITY TEST . .

PROJECT: $fr-.65 1AM- - I. DATE SAMPLE ff?" ,' By

Lp3CATION P' .'-=I f-
2 

/A/- '- EDATE TESTED .. z /.7 /' Y

BORING NO'; SAMPLE NO: 17 / DATE COMPUTED: --- 13Y

OEPTH: SURF ELEV DATE CHECKED' BY

PERMEAMETER NO DATE PLOTTED BY

SATER AMPLE INITIAL FINAL TEST LOc.
T MP LENTN HEAD HEAD TIME HI L t K TEMP.

Cm CM CM SEC. - AV CM/sec CORN
O L N H I "2 AI L "IRN

-" TANOPIPE AREA. ,_73_T

A-SAMPLE AREK A CM
2

V;L LO." tERNEASILITY

SAL--w

SW VOID RATIOWe

S * SPECIFIC GRAVITY

-- • WT. Of DRY SOIL IN GMS

SUMMARY

"EST WCT l

, I I

0

0

0 --

1*
COEFFICIENT OF PERMEABILITY-K
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TAILINGS DAM~ NYBSTE1dA-10

ST. JOE STATE PARK
FLAT RIVFh, MISSOURI

STATE OF IZ2GOIJRI
DEPARTh!ENT OF NATURAI, RFS'Y'-RCE.",

January, 19178

SV1XDRUP & PARCFL AND ASSOCIATRS, Inc.
St. Lo~uis, Missouri
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TAILINCG DAM TNVFSTI 3ATUCN
ST. JOE STAT, ;',Ar:

FLAT RIVER, 3S3OURi

A. INTPODUCTION

1. Authorization

A study of the subsurface investigation and -t'& :;i~y

analysis under seismic conditions waL, authorized liy tue ej'ar~ mtI

of Natural Resovuces, State of Missouri. A cotrAct f , r

made on August 9, 1977, was signed by the Department and 3 erlrup:

Parcel and Associates, Inc. (SPA).

2. Scope of Work

The purpose of this Investigation was to study the stebii

of the tailings dain under seismic conditions. As pert of t'h"I ir, i-

gation, borings were drilled and soil samples viere cbtein-d a:d .. "-

to dutermine 6he subsurface profiles. Field testu such &s vone shear

tests, blow counts and permeability tests were conducted to detern: .

the tailings shear strengths, conststency end peri-.eability. Eane

upon the field investigaticus and labratory encelyses, slope stabi1 '>

under seismic conditicno have been ac,:taty'.

B. SITE DE3CRIPTION MID . RAy 11W'TfG(ATCCN

1. Site Dis :rint en

The St. Joe tailings dam wan built tc retain tailings rcirj

mining of the lead-ore deposits II the vicinity of Fiat River, isoonur.

The tailings operation was ceased after 1%., and the property was

donated to the State of Mssouri as a state park. The area covers

about 9,000 acres.
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2. Subsurfac Investigaticn

Three borings were drill,-,i to bedrock undr rt.e ta! = i:i'

for the subsurfam invPstigation. The l:.'1ttor. f the '-in,

shown in Figure 1. The boring repcrt is VONA in Ki':njix A.

Vone shuar tests were crimcte in the lerin.. " 'Kom v.:.

advanced to determine the in-situ 0h14r :*.ezen,- h. T',.e:e ::ru:

strength of fine tailings rangea fr,,n 600 ;sf to ]151 y fr' :.l

shear stre,gth and 40( psf to 600 F V for r2n:;c .: 're3,,mt! .

The standard penetration tet5 tore crtaine! ,. ie-r .:h

the blow count or the tailings. TFi'.d up' n the o~w e.,ts, t,-

relative densities for the upper X ft oe th tailn ns sru aW, it

20 percent. These poorly compacted tailings nre su,- :ile ,

liquefaction and settlement induced by earthquakes. Fc" the L',P

part of the tailings, densities are in the rawge of 60 to A ! w .

Results of the field permeability tests show that '"

permeability ranges from 4.06 x 10- 4 rm/sen to .5 x 10- ' c=:el,

which is considered to be low.

The water table was encountered at 1-1/2, 3 and I rt Vet-w

the ground surface in Borings 1, 2 and 3, respectively. Ba i uj.i.

the boring report and permeability analysis, it is belivel that

currently the tailings dam is saturated.

Tailings samples were brought to the laboratory for j'rain-

size analyses. The results may be seen in Appendix B. The sanalys,'s

not only confirm the grain-size distribution, but the results can e

employed to determine the internal friction angles. The strength

parameters, cohesions and internal friction angles will] be u;ed fIr

stability analysis.
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Based uron tho subsurface in-eiti "qt icn, w ... r

two cross scctions, which are shown _ n es " &n

C. SEISdTC NIALYSIS, LIQUEFACTION A:ND SW.TLV.7,,.4T

1. Liquefaction

Ground shaking from earthquakes in rec'nt yeor ai , ,

resulted in catasrophc failures in slcper, da'~s and +o:in, .

Under the action of earthquake stresses, de,,0,i3c io e,

less, poorly compacted tailings mey be densified. Ilcw,.ver, if

is not provided, liquefaction may be induced by profrits: Ii've ild

of pore water pressure. The tailings in the St. Je taillngs -Iam cr

composed of sandy silt, which is susceptible tc liqiiefe:-tion. Th-

computer ground acceleration which will cause the fine silt taiin,':

to liquefy is 0.14g.

2. Settl ement

The relative densities of the fine tailins ar- abut

percent, which is considered to be poorly compacted. Signiflcant

settlement may occur due to densification caused by earthquakes

shaking. Long-term settlement may occur w.hether there iLc a deweter-

ing system or not.

3. Seismic Analysis

The intensity of an earthquake is determined t.. the auv

of damage or felt motion effected by the disturbance. TDe scale in

common use in the United States today is the Modified Wercalll Inten-

sity Scale (..M).

3
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The dam site has undergone conniderable seis -'c nstivit-

and does not show nor has any noticc2able dar.age beer re ,:-ted.

According to the ea&thquake map prepared by Kineafio

Ltd. (1976), the above site is not expected to experl-n-e ,'1ne

intensity than VII on Modified Mercali Intensity 2,ie; t,,r" Is

a 90 percent probability that ground acceleratiLon f .] tr ..

will not be exceeded within the next 50 years. The re>'t[Lcnshlc

between Modified ercalli Intensity Scale end Eround accele-aticn

may be seen in Appendix C. Since 191,2, the site has expericnci ;,::c

events of MM VT intensity and eight eents of 1.2.1 V irtn lty.

D. DAM STABILITf ANALYSIS

1. Dam Stability Against Shear Strenrth Fni]Lure

A computer program developed by SPA, which is basei ,i- n

the Swedish Circle Method, was employed to deter. dne dan staC Wl'.

The strength parameters determined for the tsilingswi' ut-rent

for the water table were used. The potential slip surface v.as dtor-

mined by computer and is shown in Figure 4. The factor of snfrty,

which is defined as ratio of allowable shear str(%gt. : chea' rr,,

was calculated and is shown in the followir4 tale.

Ground Acceleration ev
Percent of Gravitational Factor o' "C 'elv

Acceleration, i" Against -tr'm-1 ,

ah = 0.0 (static) 1.10rJ l.jI.

ah = 0.Ig 0.95 r-) 1.0'

ah = 0.2g 0.8'. 0.95
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Safety factors reflect the -.lijf. varirtions cf .mw'::

parameters used in the computation. On the nsis i this ,,1vyi.,

the tailings dwn will be safe for earthqua-:es at saale 'e,1 3h-

or equal to 1i1, VI.

2. Liquefaction of t,.e Thtilini

It has been determined thet the firne tal-m.

l1quefied if +,he rrouxd accelpration 9xct-fi ; C.w. .':- e "

may occur under earthquake scale' of 1f V71.

a. Sh/9 < (.10 - No :;,t'ere a, " r

b. 0.10 < ah/g < 0.1.; - The !am vi'll -a!l ,.t

strength insu ffl ci ency.

C. ah/C > 0.14 - The fine tailiEs will e liq'i' l

and the dam subsequently will be severely damajed.

E. 0ONCLUSIONS AND RECONMMDATICNS

1. Conclusions

Based upon tailings classificaticn and grain-size analyse ",

we have found that the upper layer is abcut 40-ft thick and concist

mainly of silty or fine sand tailings which are suscepti -e I ;

faction.

Field permeability tests Fand analy.cs "ndieatt t .

tailings have low permeability. The low permeability comllr.n

insufficient de';atering maintains the high grouindwater level fOutd

in the tailings.

The stability analysis does show that the tailno dar, riy

stand against minor earthquakes (under Modified Nercalli lntnrit,

5
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Scaled vI). Bowtever, failure noty U?, 5.nduc,,' i

greater intensity occurs wnd stn adlcsuate i2,% .-. I

provided.

2. ReccQ:rr.eikdation;

To irtL ziz& the ri sk ofI1 iuQf '1tI2:i1,.1

stresses, a procps:', dewaterinc; :yz-tvr- shou2 1>. ie:

tafiings lizve low porrnabillty, :n -t le -

s:uch as a vert~sJ. sni/or a iLorizontL dra~nc ..... '

and/or a graVita-t-1Onal ira:i nag e C'tn -- -2

further investigatiOL.
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APPENDIX A

TEST BORIN, RlEPT
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AV 34,0 TEST BORING REPORT

RAYMOND INTERNATIONAL INC.
SEnVICE CONTRACTS DIVISION

.~y J~p & Pt .e1and Ass ciart c Inc. ' rIr.

.~QQ.~X~Y~4Ph uuitsard SL. LOUIS, Mjssouri 6310!

........... .v. [.,[ .... ... .. .............' .s........ .....,... ... ........... ............. ... D , . S - '  .. :

'4 EHAVV LOMPL IEl. TilE FOL lOWING BORINGS F U A Flt........ Rvi, I.

IR A A ILNLLyULNI|ERIJ T.Ln rm T s
C......... .............. ..........................-......... . ...... ...... ......................... .

OCATION PLAN SCALE I" -

TEST BOR ING REPORT

FOR

TAI LING DAM ST. JOSEPH STATE PAR Z

FLAT RIVER, MISSOURI

.ompass Points

This boring report prepared in the By .... .

St. Lout ..OFFICE of the Job No
SERVICE CONTHACTS DIVISION Sheet I of.
RAYMOND INTERNATIONAL INC.
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kA, ,4+2 Nkl 'I TEST SORiNG HEPORT

RAYMOND INTERNATIONAL INC.
SERVICE CONTHACTS DIVISION

SORING DLPARIMENT

To S .vrdrn b P arf, and Assnr .,res, [n . - - e" . -1,.emhvr_6 9'77 i rb NIr. - -

Lo~~~~~~ui ~ ~ ~ ~aonv, of' "t,~~ .ia ~~IILt LIL ln -t. rh S"tt Pr

A l l b o r i n s w e p l o t t e d t o a s a l e o f 1 " 4 . i t u i n g . .. . . . . .. . . ... e a f J d a t ur m

No ...... .No. _

Cround Surface 0.0.

/ 2 C h , r V .l ~ ein ' t 4 1 . 4 , J

S he a r V4 ;,.r , 4 ,1 ]2 .,

Sher Vane T,-;.* 41.;, 1 V ., '

2/24

Gray Fine Sandy Silt ___,__.__'

Or Pulverized Limestone
Fill - 2i'

6rey Fine Silty Sand

S(Fill?)

3

4 Dark Grey gr

4 +Oianc Silty Clay Tr
fine Sand

led Rock

iorlnp, advanced b1 ),er

Weight of rods pu.ied URCLES IN RlH H.kN ,

smmpler - No reading 1 AS YRACtI'N',

36. 0' Llbo -- dn
4

,_r
Boring C, ntinued Next Colt=rn Denoinnatr - cr,,'t. , (t'. ri

C I.ttIh.. 4.-, nl flini n t+ t d,, ,,+ in srt t, 1 .3 te *mple. Irf1 Ilo p, ..i ,, c,, lhItl in; I -.ak +

44 *it+ + ¢l 41 t ,It I ,,,' in'' 1 ..oe ' . rn '''u ) .lr' *.,itl,4 , I.,,

VI .1 I 'I~ IA,,.++ , ,h j+ t. I S, + e,,ifLII. * ,r I +~a I 'l. i ' A +,I ,i,,,,,
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" ', . v '' : TEST 80'ING HFEPOHT

RAYMOND INTERNATIONAL INC.
FAVICIE CONi MAC fS OVISION

aO#aNG DIPAR7tENTE

To Svrr.p & ar(el and A-- IJL. Inc. : ' . ,', j. h%,, ,

L o u iu n o f U I n l . l a lt .. . .. .R i v r r iV., , r r , , . ,

All bo ,trl we plolied to C a%, teof I'= .±. II umng cl, nd rfa-i *. -

No -- No 2 No
Ground Surface

Cround Surface 0.0,

1- L-/4

Pulverized Limestone

Fill

2

1-1/24

11

1

21

Crpv Ft.,, T,, "M.r Ic

Snody Silt Or Pul lri.

tLmeacone (Fill)

i ii
16

Continued Next Column Cnnttnued N.t !

-Shorgr Vint 1..'.,
40.9 10o - I,, 

i

41.A 1.0-1o

... ~ ~ ~ ~ ~ I. .....I.... 4.1
0,,. . 4e, V.1, I .,.r. I., , her I-I ......

J 99I l II~b. tB (37 ,-,
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w t' J : ' J,'T E S T B O R IN G R E PO n T

RAYMOND INTERNATIONAL INC.
SERVICE CONTRACTS OIVI ,ION

BORING DEPARTMENT

To -. sga~dxup 4 ea, ta -As- _ -~j D--ne~5r 7, _ 1977 ).,b C4-219 .- K

LA.atio,, of k .,rs ng% Fla t River, M tq- our i T ati11 n .jL I _,. J -s ,ph State p.jr

A ll boiu nlts a plotted lo u sl e of I ' - - _ ;j, uIng ro ud S r a, - - a fi. - i dla I...

No . . No.- 2 (Continued)

72.0'

101

9 is1

1116

21

Grey Fine To Mediumn
Sandy Slit Or Pulverizc(

Limest.one Fill

13 15

19

2024

, t I o u

Boring Advanced By Auger

%+lrle (W I I.",#f .. ,b",ll I,-+il ~dinl 0--'~ls .1% ...... ri++ f, ,1t W- 1 11,

Plan~ -pl.Pl -hY, All-l
n i ts 

fonh 
%1 'B- 

8



TEST BORING H(PORT

RAYMOND INTERNATIONAL INC.
SERVICE CO)NIHACIS OIVISION

BORING DEPARTMENT

Sv.rdru & P- ., l,1 .in A.' < 1-h.' I. . ,,he. R,* 19 7 l lb No

A Il brsnja al p ol ed to s -ale of -I it uung _rund fa 3ct- ... ... . . h . lu

No. No, -- No

Ground Surface 0.0' 3 0'

2 1 3411

2

Light Crey Damp
Pulverized Ltnest te

Duqt (Chartted fr-t 1,!12
Uoap To Vet at 12.0'+ 2

2

I- 4

1 2figh Bro..r, Dpnoe Fir, 1

1 2 2

2 on

goring Caastluud Next Column t1X ro'n COntLUod Next Piglt

n 1 5 S, 1 1 S - -

i',r,,a., ,I (he a,,r1 ,rra. V Ca tl ,, ra l
I  

ade I,jr'r5t|y €ft. o.# r , (, ) -,,

C'W~f.* t i, ear ,lC..t (n0r fb
' -  

-l~el dev I 4')' } 1 '

p.carn.
1

u t..aJ ,%SI I L . , C4,, a,, , r{*,.e ,Ia(L e-p.. t.% 1 . - . .

"-'-Ct



KIN ,*1.2v t'll TEST BORING RFPOHT

RAYMOND INTERNATIONAL INC.
SF.RVtCk CONTRACTS DIVISIUN

BORING UEPARTM(Nr

To -., _ l _d Asjt s . [ r',,_ "or8_8 197 -be .

Loci uon of _"ait"ii u1'e "7.,' -- St jot.nj'i Stl i - __

All borings me plotted toa scae of I"' . i. t u~angGro. i}d St~rface as alholdatum

No No. 3 (Contintud) No

'2.0'

8
11A

13

Light Grey PA;!ver1z ii D

WET Limestone f st

3 Z 
INDIC^lis $ f-13 SHELBY T';E ]

A - Amount of Penetration (i liii'
5 A.-nt Rle- ., , t' f-; f

-C hebN T,,1be Noier

1421
20

Grey Fine Snd 
Trace

Silt

97.0'

Grey Medttx Sandv Slt1 18 i

(Maybe Weathered Lime- 22,
stone)

Bed Rockm- I
106.01

",ni C ""I -I i I h IC il 'It -Jl, ,,It, J siti afm l --treit 1 if i , "

A'tlailn,,fIhi l ,ii ,T I inn ilvii" ~ o* ie .. l.ennt nn .ii i sa l , nitu i i njl , s , ..

-h l { I INf 0tl
"h Pi1

' '  
,n ¢,ly hi.di htlat allt. "ii4 r0,Ia si i.. it. I aiihnir -

B-40



APPENDIX B

GRAIN-SI2E ANALYSIS

B-41



C:

-.74

t Ir

77 77. -r:--

7 7

r--J
.4 n 1

Ji -

z + 721>1L L I'-



CC: C1

100

J -T - - ..

AAI -

c1 . .. ....

7 7
-:1iR4 511- AN L S S

Brtk, 1.0~a s Brnwod1o

-r.-lt4 t0rtt aobr17



~ppp . ~I . . i IIII.D

- -T 7 __ T-

T-t-t

a. -- t -

T_ . ......

--- ------- id

2...

T --.

-'-4T -+----

JovState Park

GRIdSIUE AMYSIS

.cibor.17



7-o 4W- C

*v 7

7 I77

-.4-

-~-A

T.44

44-

_ 1 ; o1

..........-

IN - .r- I .I*-I

I~ a1 i-v r ls o r

.7 4t i R

1*#~e 197



O F . .. .

C) 1T

F4- .. . .. .. . .

.. . .- '

7--

f 
4t

.. . .

7 IT

F--o --Sat Park
Li'lvr 77717:77l

...... ~ idR.i.4.1 C AM.tYSIS

seako AS $0 & 1tnw~d __

x 4 .aa. -D.c-.-s-- ____

~ K 'B-46



10 3

-- -

~~.... . ......

--T! ---7

T. -r74T

4-44

It-f I4 1i T

- - I I jjii T

+i T j,. .

4 it..

-rT-&-. RI P

I er -rio
:t;-::RAI SIZEI~;g ANALYSIS,---

*UkV ASC~ : 'Betwo Mo

T. -~AMt Ot.4e ecmer17

* ,*.----- 47



C) cm C~~c cm'-

a-- - 1 4 -

_77Ir

~:c~ ~L~ 4 -*- 4-- j-- -I 7

- 1 - -

-- 4-

V~~~ ---1 V-- -

4N

..FF 4 -

1-1  4--

t - -

T7 a o-

-I~~ .~ 4

___ -7 -

44

i TT 1 7
A1K1

~Th



4-

7 1

B~~~ v4,::r----

V, -7

4-, L
_lt

A'-r r

-f T+f

17~z 7
L~~~-~ e4 stat parkT-'~-T -

7-7~

GR-U. - . I . -SI

~'t-r1d, M L 4
wB 00.

Cbtu ti--nin--.eom e 17

T~T1T!TT RK-prii



.a... . . . .. . . .

I- -.iZ

-t A

Ur F 4

. . . . . . .. .

444;f? ±--

.L.. .... . ._t j d st P r

BSdk* t'tS0~ Brnwod Mo

.LLL6'LL ulti~g inglmews . Cce;Q197

R- )OC



I r - ~ -

4.-4

T I

I

1: -J

o 71

7 - T77 LZ-AI L Tl-w lI " '----T-

3.~B 51 V



APFENDIX C

MODIFIED MERCALLI INTENSITY SCALE
APPROXIMATE RELATIONSHIP WITH

MAGNITUDE AND GROUND ACCELERATION
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MODIFIED MERCALLI INTENSITY SCALE
z

APPROXIMATE RELATIONSHIP WITH
MAGNITUDE AND GROUND ACCELERATION 9J L'

ABRIDGED Zr JjCP

MODIFIED MERCALLI INTENSITY SCALE 0

INot felt except by a very few under especially
favoirale circumnsiane'es.

IL
elt only by a few pe~ncnns at rest, especially on

upper floors of buildinrgs. Delicatecly suspended
objects may owing.3

Felt quite noticeably inadoors, especially onupr my rock alilictly. Vcibation like pas-irag of truck
Aom of buildings, but miany peopla do not rec- Durstion estimated.,
oignise It as an earthquakv. Standing motor casI

During the dlay felt accdonris by many, ouitdlors by lation like heavy (nick strikcing lacaaiding standcl
few. At night sonica,% likenedi. Dishcs, windowsc, 111Kc motor carn rocked notitealcly. 4- 01-
dooms disturbed; wells make creaking sound. Sea- I

Felt by nearly everyone; crcsry awakened. Some Disturbance of trees, pole. anid ctit ar tall ol-je, t-
dishes, windows, etc., lrikens a few initance, of I 'oetinie notice'd. Pccrdcclcm clockti niay i'tc p
cracked plaster; unsttarla objects overturned, I

In FelIt by ad; matny fcigltened and rutu outdoors. 5-
Sorne heavy furniture moved; a few instances of
fallen plaster or damaged chimaceys. Diamaig
Plight.

Ea"erybody runas cialeoors. DAsniage netlIgible in considerable ill gcncu * ltailt or lAclv- clc'ar -
Icuildiiign of good dc'ign site constnietioir; slight slrcartacret; loose rlcisaaeys taaicevi N,-irc-l 1'.%
to mixderale its well-I'uilt ordinary strucicures; persons driving ntnc cart, 6

I aucaae slight in Plict aly dries m stt-tires;lll. 1 a! a1 Ia ,atr .... s, Isfsctc-* vt rack%, cal umi.,t. amw.

consitderable in arch c.:ry kidplcstis' ..ba llaicc, ... 4. ol"s, %call, 1 lr4 a(ici r V c' a,. c

with partial collop-c' ireat in lxwarly built &true- anid muaad ejea'c l iiiearll aaccaccarc11'ifl.

hues Pantl wallsthaiwn mit ill ironic etl~crs well water. l't'csncc crivar nintnr c it &,-J "irl.,

Itsutige considerable in specially drs~iacuc'd partial crillars.. Illcclri elcatell %fr .ac~ltci
strurtturr' * a ill d-ciric,d I rAiciC structures I hroisn Cc roc ad crackedl cmiicieuaac. 7- 5~ce c a
out of Il

1
tstai i; Areat illcat t atct .1tia Ilcilcdiigs, with l'apeg lbmokroi

S-mc e cliialt ccoclon i.1 re ns dish rccec 1wrIe it fAMcIRlac-1 (Ae~ lrli rcnc rca cr bicttA.
11104~ ruccc..'car anti fritie Atrieircs cl'utc'ceal d otc'a' 01"I"c. ShiiftedI sAntil d ca". m,-I Wt'!

cc th fcccccr.'~ip, rc?.I Klidly u'ricaktaI Isals j sjlaculted (Ptc~pllcI) ccvcr lackis.

Modified Mcercalli Intensity Scale aifterV Wood arnd Neumann, 1931. (Iriten-
Sities X1 aund X11 not inciudlti).

Magnitude and acceleration values taken from Nuclear Reactors dnd Earth-
quakes, TIO-70Z4, United States Atomic Enaerqy Cajncission.
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I 2*16 L-efI 5bL./Loewf/evel Oufle steel pipe
Q) )Lo\
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PHOTOGRAPH RECORD

ST. JOE STATE PARK DAM - I. D. NO. 30277

Photo No. Description

I View of impounded lead tailings and drainage basin area
from left abutment of main dam.

2 View from left abutment showing upstream face of main
dam. Reinforced concrete intake tower is visible in
the photograph.

3 View from left abutment showing crest of main dam. The
original dam abuting the right end of the main dam is
visible in the background.

4 View from right end of dam showing downstream face of
main dam.

5 Vertical reinforced concrete intake tower near Station
7+50 of main dam. Low level intake on east face of
tower is visible in the photograph.

6 Outlet of twin 8-foot by 8-foot reinforced concrete conduits
and 30-inch diameter low level outlet pipe from vertical
intake tower at base of dam at Station 7+20. Seepage
from the conduits and around the outlet structure is
apparent in the photograph.

7 View of entrance to spillway A channel at left abutment
of main dam looking upstream. Dense vegetation at the
channel entrance is evident in the photograph.

8 Spillway A channel at left abutment of main dam lookinj
downstream. The dam crest is visible at the right
center of the photograph.

9 View of spillway A channel downstream of main dam looking
upstream. The channel curves around the left end of the
dam and proceeds parallel to the dam down the left abut-
ment hillside. The rock dike visible at the left of the
photograph keeps spillway discharge away from the dam
toe. Bedrock in the channel bottom is visible in the
photograph.

10 View east along spillway A channel on left abutment hill-
side and downstream of main dam. The channel is very
overgrown as seen in the photograph. The original dam
is visible in the background.



Photo No. Description

11 Marshy condition at toe of main dam at its maximum sec-
tion between Station 19+00 and 22+00.

12 Typical pond at upstream end of tailings impounded
behind main dam. The channel draining the pond over
the tailings to the dam is apparent in the right portion
of the photograph.

13 Downstream face of original dam looking north from
junction between main dam and original dam.

14 Vertical reinforced concrete intake tower #1 at crest of
original dam near Station 32+50.

15 Silted outlet tunnel from vertical reinforced concrete
intake tower #1 of original dam.

16 East end of 48-inch diameter steel culvert through
embankment at original dam Station 58+80.

ILIa m. . III".i , . .. . =. .. . . . . . ..
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